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PREFACE 

TO KOUITPH I^DTl’lON 


Til!': {<>urt.h of Metal Aireraft (JonMruHioa is consicRo'jibiy larger 

than ih<‘ earlit*r <ai<*s, aiul tuaiiy ohang(‘s hav(‘ boon nia,d<i. ()ui“()t-(iate 
material has Ixaai idiininatHxl excerpt, where it) is of basic fecliaioal 
int(‘r(*st . aiai mutdi new matber, partbailai'ly relaiang to the Ajtua'iean 
air<‘ralt* has been achhai. 1 ha.v<‘ t-o t-hank Mv> lj(‘st(a* I), (hirdner tV>r 
his help in piO'suading t h<‘ Anu‘ri(‘au Aircraft IndnstTy t.o a^ssist in com- 
piling the l)ook. Th<\v <aini(‘ forward g(‘nerously aft ei- h(‘ had approached 
t iaan on in v ladialh 

The part iculars (>f air<a‘a ft. of t'lu‘ h(‘llig<‘r<nit (‘ountries a.re of maavssity' 
scrappy. 'Phis is espt*eially i rm^ of (unanari airci‘aft ., as the r<‘vision had 
i>tM‘n com])l<'t (*d hi‘fore so many line specinums tell into Brit-ish hands. 
1 >es(’ript ions ot tiu‘se are, how<‘ver, app(‘aring w(‘ekly in t-he t(‘ehnic«d 
press. The rleseript ions of Bnmeh, Polish, and ( V.(H*hoslovakia.n struc- 
tures stand as t hey did on t ht‘ (‘V(‘s of tin* (lerman oe,cu))a.tions of those 
count ri(‘s. 

In (*arli(‘r (‘ditions I was abh* to (piot<‘ a. ILst^ of all the pe(>ph‘ wdio 
had actually In-lped in their j)r<‘})arat'ion. W’liilst^ t-lninking ev<a‘yone 
who lias assist (‘d in t his work, a eompleti* list- of t hem a.ll would he too 
long, and it lias Ixsm d(‘eided to liaive it out. Two, how<‘ver, must be 
named, Pa plain J. Laur<‘nc<‘ Pritchard, and t<h<* lat-e llichai'd Laiigley, 
A.M.LStruet.B., my brother, whost* help and <‘ne.ourag<‘m<‘nt. made the 
original work possible. 
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CHAPTER I 

THE DEVELOPMENT OF METAL AIRCRAFT 

The construction of aircraft in metal lias passed the stage when it re- 
quires advocacy. The arguments and discussions which stirred technical 
meetings fifteen or twenty years ago have lost their point. Metal con- 
struction has become an accomplished fact, and there is barely a machine 
designed to-day for any other material, except in the light aeroplane 
class. 

It will perhaps be interesting, however, to go back and review the 
change-over from wood to metal and to remember the arguments. 

There were metal aeroplanes in the early days,^ before the War, 1914- 
18, changed construction from an experiment to an industry. The 
R.E.P., the Martinsyde Pusher, the Clement Bayard and the Seddon 
efforts will be remembered. But at that time the aerodynamical problem 
was more urgent than the constructional one. Wood and fabric were 
easily available and cheap. The light alloys had barely been developed, 
and high tensile steel was not only expensive but in the forms then made 
not particularly suitable. Extensive production of a type was unknown 
and development so rapid that the laying down of costly plant was not 
justified. With the obvious materials, then — ^wood and fabric — these 
pioneers built machines whose principal requirement was that they 
should fly. 

When war broke out, they had produced something which was 
quickly realized to be of immense military value. The demand was 
enormous, and scattered sheds at Brooklands and Hendon were the 
nuclei from which great firms sprang. Suitable timber was at a premium , 
not only because of the demand, but because it had to be imported, 
using ship space which was urgently needed for food and troops. Forests 
were cut down and still the demand grew. Spruce was the principal 
timber used, but substitutes had to be found. Other woods were 
suggested and tried — hickory, larch. Port Orford cedar, cypress, and 
poplar — ^with little success. The inevitable happened. Just as metal 
had replaced wood in the building of ships and machinery, so it was 
realized that it must replace it in the building of aeroplanes. Experi- 
ments were begun and towards the end of the war metal wings and 
fuselages had been produced. 

With the cessation of hostilities, the demand for military machines 
died out and the factories were at a standstill. It was several years 
before the vast number of completed but unused wartime aircraft were 
absorbed or broken up at scrap prices. Civilian companies formed to 

^ See Letter from A. R. Weyl, Journ, jR.Ae./S., Feb., 1934. 

^ Built for Commander Guy Blather wick, R.N. 
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operate air transport, joy riding, air survey, etc., found it infinitely 
cheaper to use these fighting machines, converted to suit their require- 
ments. Technical advances were hindered by lack of money and the 
absence of demand for new types, and it was some six years before a 
revival set in. All honour must be paid to those who laboured on during 
that period, with so little encouragement, to accomplish what they 
knew xyould be inevitable. The Short Brothers, Major P. M. Green and 
the Armstrong- Whitworth Co., Ltd., Major Wylie, Mr. J. D. North and 
Messrs. Boulton & Paul, Ltd., the Steel Wing Co., Ltd., are some who 
deserve mention. But the Royal Air Force continued to use the same 
types which had served them so well, and civil aviation was as yet a 
penniless child. 

An improvement could be seen in 1924, and the following year the 
tide began to turn. The demand for equipment of newer design was 



Fig. 1. The Vickees R.E.P. Monoplanj^ with Steel Tube Fuselage 
{By courtesy of ** Flight ”) 


closely followed by an Ah? Ministry order that all future designs for their 
own use must be worked out in metal. The shortage of timber which 
had tended to hamper production at the end of the last war must not be 
a hindrance in the next. Metal ores, even though imported, were a 
much less bulky cargo than wood. And the country was well fitted in 
its great metal-producing industries to tackle the special research whi- . 
would be necessary. 

A step in the change-over at this point was that existing wooden 
aircraft were ordered for the Royal Air Force to be re-designed in metal. 
The aerodynamical problem was shelved temporarily and designers 
concentrated on the constructional one. The metallurgist, the scientist 
and the mathematician undertook research, and the engineer inter- 
preted and applied their results. The production of alloys and lil^ht 
metals of less weight and greater strength, the treatment of them to 
make their manipulation easier, were studied and new troubles of 
instability, fatigue, and corrosion examined in greater detail than ever 
before. It soon became possible to compare machines of exactly 
similar aerodynamical characteristics, but of different materials. The 
results were not only encouraging ; they were convincing. The all-metal 
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aeBoplane had arrived, but the way of its coming iofluenced subsequent 
design in England, in that it was barely possible to distinguish the metal 
from the wooden machine without an examination of the internal 
structure. Similar developments took place in France and America. 
In the latter country, however, the coming of metal construction coin- 
cided with the great economic boom of 1929-30, and a large new civil 
aviation industry came into being like a mushroom growth. Anything 
would sell, and the methods which had been painfully built elsewhere 
were adopted wholeheartedly to meet the demand. 

Later America, took up the low wing monoplane of stressed skin 
construction, wing flaps, and the retractable undercarriage. These had 
all originated elsewhere but by developing them and using them to their 
best advantage she produced a number of types which set a new fashion 
in civil and military aircraft. 

In Germany, however, we find a different approach to the subject. 
Metal was not just used as a material to replace wood without further 
influence or thought. As long ago as 1910 Junkers had been granted 
a patent for what was essentially the “flying wing.” He saw that the 
reduction of parasitic resistance went farther than the fairing-in of 
excrescences, and that the only part of an aeroplane which fuUy justified 
its existence was the wing. If this could be made to enclose all else — 
the power plant, crew, tanks and useful load — then an enormous 
step forward would have been made and parasitic resistance at a 
minimum. This implied that the wing should be large and, if necessary, 
thick. Experiment and research showed that thickness in the wing 
section was not necessarily a bad feature. The next point was con- 
struction, and an examination of available materials showed that wood 
was unsuitable and tliat his conception could only be carried out effici- 
ently in metal. To quote him, “Wood is obtainable only in fixed sizes 
and shapes of trunk and branch furnished by Nature, whereas metal 
may be obtained in a nearly unlimited variety of qualities and dimen- 
sions.” ^ Furthermore, it can be shaped into any form, is more reliable, 
and its strength can be forecast and is unaffected by climate and atmos- 
pheric conditions. It appeared to him the only possible material with 
which to construct his giant. 

The first firm in Germany to build all-metal aircraft of “ Duralumin ” 
was, however, the Dornier Comi)any. They began in 1914 with a large 
flying boat of over 120 ft. span (see Fig. 2). This was the forerunner 
of a number of large flying boats and seaplanes used by the Germans 
during the war. 

'f The economic depression following the war was further influenced 
by the restrictions on aircraft development in Germany, imposed by 
the Treaty of Versailles. Eventually, however, Junkers was able to 
produce his G.38, which was a step on the way to the ultimate realiza- 
tion of his flying wing. This different approach to the subject in Ger- 
many, whereby the aerodynamical design is only made possible by the 
use of metal, is fui'ther shown by Dr. Dormer’s development of his early 
flying boats up to the Do X, This could certainly have never been built 
in any other material but metal. 

A further point which has not yet been mentioned is the reduction 
of structure weight which has been obtained in metal machines. That 
this would be so was prophesied, but doubted in many quarters, until 

* “Metal Aircraft Construction,” Professor Hxigo Junkers, Journal Royal 
AeronatUical Society, September, 1023. 



METAL AIRCRAFT CONSTRUCTION 


proved in actual fact. The subject of “specific tenacity,” or the 
relation of the strength to the specific gravity of a material, will be 
further considered in the next chapter. It is sufficient to state here that 
surprising reductions of weight have been made, particularly in the 
larger machines. Metal does not show up to the same advantage in small 
aircraft of the 100 h.p. two-seater class, since strength for strength the 
metal member becomes too fragile to be handled and the greater bulk 
gives wood a substantial claim. It is difficult to say where the dividing 
line between greater efficiency in wood or metal faUs. Roughly, it 
may be said to occur at a machine with an all-ux) weight of 3,000 lb., 



Fig. 2. Dohnieb Three-engined Flying-boat, Type R.S.l, 1014-1915 
(By courtesy of Domier Metallbauten G.m.b.H.) 


but the service for which the machine is intended may liave a consider- 
able influence, as may also the labour and plant available. Wood may 
be said just to hold its own in the light aeroplane class and in medium- 
sized commercial and experimental machines. 

We may summarize the advantages of metal as follows— 

1. It makes possible the design of large aircraft whicli were 
previously constructionally impracticable. 

2. Metal construction allows lighter structures for medium and 
large-sized machines. 

3. It has greater reliabihty, being of a more homogeneous nature. 

4. It is less affected by climate and weather. 

5. It allows the making of more mechanically efficient and durable 
joints. 

6. There is a considerable reduction in fire risks. 

7. Metal can be worked into a much greater variety of sizes and 
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8. The life of an all-metal structure, if adequately protected, is 
considerably longer than a structure built of organic materials, and 
consequently the relative cost of construction is lower. This is par- 
ticularly true of the use of stainless steel, the life of which is, for all 
practical purposes, infinite. 

The argument that metal construction is more expensive applies 
only when special plant must be laid down for experimental and single 
machines. In large production there is no question that metal work 
may be made cheaper by tlie use of modern plant and methods. Inter- 
changeability and standardization are possible to a degree which could 
never be realized in wood work. 



CHAPTER II 

MATERIALS 

Steel is a term which now covers a very wide range of materials, varying 
greatly in constitution and in properties. In all its forms, however, it 
is essentially an iron base with definite proportions of other added 
elements. 

Chemically pure iron is almost unknown and has only been prepared 
in the laboratory, but commercially pure iron is produced electro- 
lytically. Iron, as manufactured in the blast furnace, is a crude sub- 
stance containing carbon, sulphur, phosphorus, silicon and manganese. 
This impure iron, known as pig iron, is the raw material from which 
carbon steel is made by removing the undesirable impurities as far as 
possible and adjusting the amounts of others. Alloy steels are obtained 
by the addition of such elements as manganese, chromium, nickel, 
vanadium, cobalt, molybdenum or tungsten to iron, with or without 
carbon, with the object of giving it such qualities as hardness or tenacity 
or non-corrodibihty. 

Pig iron as it comes from the blast furnace may contain anything 
from 2 to per cent of carbon, but in steel this is usually reduced to 
considerably less than per cent. Leaving for the moment the 
question of alloy steels and considering only the carbon steel group, we 
find a great difference in tenacity and ductility as the carbon content 
is varied. A mild steel with 0*15 per cent of carbon has an ultimate 
tensile strength of about 28 tons per square inch, hut when the per- 
centage is increased to 0*5 the strength has risen to something of the 
order of 50 tons, with an attendant increase in hardness and decrease 
in ductility. It is possible by adding carbon up to 1 or 1-25 per cent to 
reach a strength of over 120 tons per square inch, but the elongation is 
only 0-1 per cent. To obtain steels having high tensile strength, but 
at the same time great toughness and shock-resisting qxialities, it is 
necessary to resort to the alloy steels. Both the plain carbon and the 
alloy steels are capable of considerable modification in their physical 
properties by the process of heat treatment. Whilst pure iron is little 
affected by this treatment, its effect becomes increasingly important as 
other materials are added. It cannot be too strongly emphasized that 
the strength of any steel is dependent on the thermal and mechanical 
treatment to which it has been subjected. 

Manufacture of Iron. Though good quality iron ore does exist in 
small quantities in the British Isles, the largest deposits of ore, in 
Cleveland, Lincolnshire, and Northamptonshire, are low in ii’on and 
contain the impurities sulphur and phosphorus. The sulphur is present 
as iron pyrites and the phosphorus as phosphates. The sulphur is 
undesirable as it persists throughout the manufacture and is difficult 
to eliminate from the finished steel, where it produces a condition 
known as “hot shortness.'* The phosphorus is more easily removed 
and in certain processes of steel making it is definitely helpful. The 
iron in these ores is present principally as ferrous carbonate, 

A large part of our steel is manxifactured from iron derived from 
haematite ore (FeaOg), mainly imported from North Spain. These ores 
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are low in sulphur and phosphorus, and contain a high percentage of 
iron. Other countries which supply us with iron ores are Sweden, 
Norway, Greece and Algeria. 

In 1927 the figures were as follows^ — 

Iron ore produced: £3,240,000 or 11,206,871 tons. 

Iron ore imported : £5,441,000 or 5,163,793 tons. 

Speaking generally, the foreign ore is richer in iron than the home 
product. This fact, together with the greater purity, accounts for the 
higher value of the smaller weight of the foreign ore quoted in the above 
figures. 

It will thus be seen that, though Great Britain is one of the big steel- 
producing countries of the world, its supplies of material are to a great 
extent foreign. 

The first stage in the manufacture of steel is the reduction of pig iron 
from the ore. The ore is calcined in coal or gas-fired kilns to drive out 
moisture and carbon dioxide, wliich would impair the efficiency and 
speed of working of the furnace. The blast furnace in which the re- 
duction takes place is a large steel cylindrical structure, lined with 
fire-brick, of 60 ft. to 100 ft. in height and 18 ft. to 25 ft. in diameter. 
It is closed at the top with a movable cone and. provided at the bottom 
with air nozzles and plugged holes through which the molten iron and 
slag can be run out at intervals. Alternate layers of calcined ore, coke, 
and limestone are charged at the top of the furnace, and a hot air blast 
at a temperature of about 550° C. and a pressure of about lb. per 
square inch is blown in through the nozzles, or tuyeres, near the bottom. 
The oxygen in this air coming in contact with the incandescent coke at a 
very high temperature combines with it to form carbon monoxide. This 
gas and the carbon in the coke reduce the iron oxide to metallic iron in 
the reaction zone of the furnace. The iron, combining with carbon, 
phosphorus, silicon, sulphur and manganese, forms a fluid product 
which collects in the well of the furnace. 

The limestone is added to combine with the infusible gangue present 
in the ore, and the ash of the coke, to produce a fluid slag. This is 
tapped off through a slag notch placed above the level of the molten 
iron in the furnace. The pig iron is tapped periodically either into 
travelling ladles which convey it straight to the steel plant, or is cast 
in big sand beds at the furnace foot. The quality of the pig iron varies 
with the nature of the charge and blast conditions, and after each cast 
a quick chemical analysis of the result is made for use at the steel plant. 

The process is a continuous one, and the output of a normal English 
furnace is 900 to 1,000 tons of pig iron per week. 

Manufacture of Steel. The four processes at present in use for the 
manufacture of steel are the Crucible process, the Bessemer process, 
the Open Hearth process, and the Electric furnace process. 

The Crucible process has been in use in this country since 1740, and 
still finds a limited application in the production of special high-grade 
tool steels. Essentially the process consists of melting together small 
quantities of pure materials, and no refining or elimination of impurities 
is attempted. Pig iron prepared in Sweden from very high-grade ore, 
in blast furnaces using charcoal as a fuel, forms the basis of the chief 
ingredient of the charge. From this pig iron a metal containing only 


* Whitaker, 1930. 
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traces of carbon, silicon, and manganese is obtained by oxidation with 
air blast in a Lancashire hearth furnace. This purified iron is removed 
from the furnace in a pasty condition (similar to the puddling process 
for making wrought iron), and the entangled slag is squeezed out by 
forging the bloom xmder a hammer. The iron is then rolled into bars 
about 2 J in. wide and J in. thick, which are cut up into small pieces 
for charging into the crucible. The remainder of the charge consists 
of the necessary amount of Swedish pig iron to adjust the carbon 
content to the desired amount, ferro-manganese, and the desired special 
elements either as pure metals or as alloys of iron. The crucibles are of a 
special clay composition and hold a charge of 60 lb., the melting being 
performed in a natural draught coke-fired furnace or a gas-fired one. 

The Bessemer process can be utilized for the conversion of two 
distinct grades of pig non into steel. In the original process the furnace 
was lined with silica or quartzite, which is of an acid nature. This 
method, invented in 1855, was known as the Acid Bessemer process. 
In 1879 the principle and use of the process were considerably extended 
by the Basic Bessemer process, in which the furnace was lined with a 
basic material, calcined magnesian limestone or dolomite. The removal 
of phosphorus is effected by oxidation, and combination of the acidic 
oxide formed with a basic material to form a phosphate slag. The use 
of a slag of a basic nature is only possible when there can be no reaction 
between the slag and the lining. De-phosphorization is therefore re- 
stricted to the Basic process. In the Acid process, haematite iron 
containing about 0-06 per cent of phosphorus is used, and in the Basic 
process the iron usually has about 1*6 per cent of the element, together 
with a low silicon content. In each method of working, the charge of 
molten pig iron is poured into the Converter, which is an egg-shaped 
vessel, mounted on trunnions so that it can be rotated. Air at a pressure 
of 26 lb. per square inch is blown through the metal. The oxygen of the 
blast combines with the manganese, silicon and carbon, a reaction which 
generates considerable heat. At the end of about 20 to 25 min. an almost 
pure molten iron remains in the vessel. In the Acid process, the reaction 
is stopped at this stage, the metal is recarburized, and at the same time 
de-oxidized by the addition of ferro-manganese. It is poured into 
ladles, and cast into ingots for roUing. In the Basic process, the slag 
is poured off, lime is added and the “afterblow” commenced which 
ehminates the phosphorus, more than sufficient heat being generated 
to melt the new slag. The charge is then recarburized and cast. 

The Open Hearth process is likewise operated on the Acid and Basic 
principles according to the type of iron to be dealt with, and either plain 
carbon or certain of the alloy steels are made in charges from 6 up to 
75 tons in stationary furnaces and up to 150 tons in tilting furnaces. 
The hearth of the furnace is a large shallow bath on to which the pig 
iron, either solid or molten, is charged together with steel scrap and 
haematite ore. Heating is by producer gas and air, regenerative systems 
of heat economy being always used. The removal of carbon, silicon and 
manganese (and phosphorus in the basic lined furnaces) is by oxidation. 
But in both cases the reactions occur through the slag, which is therefore 
under perfect control. It is usual to reduce the carbon only to the 
required percentage, determined by a rapid chemical analysis. Any 
slight adjustment is made by adding ferro-manganese to the molten 
stream as it passes from the furnace to the ladle. In making nickel or 
chromium steel, or steel containing both these elements, in the Open 
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Heartli furnace, the additions are made shortly before tapping to ensure 
even distribution. 

The Electric furnace is now very widely used for the manufacture of 
alloy steels. For large-scale production the arc type is the most gener- 
ally used, and its application has developed rather as a remelting and 
refining furnace than as a converting unit. Exact scientific control of 
atmosphere and slag are attained, and fine limits of composition 
(impossible in other furnaces) upon which the value of certain special 
steels depend, are regularly obtained. A case in point is the production 
of low carbon chromium steels, and this is now achieved by the direct 
reduction of chrome ore in the furnace without the expensive inter- 
mediate stage of low carbon ferro-chrome alloys. High frequency 
induction furnaces are being developed for special steels. 

The Physical Properties of Steel. Steel is the most generally used 
of all metals for engineering purposes, and though in aircraft construc- 
tion it is challenged by others of lighter weight, it still holds its own 
for many purposes. The principal reasons for its popularity are the ease 
with which it can be manufactured in large quantities at a low price, 
and the variety of forms and uses to which it can be converted. It can 
be made strong and tough or soft and ductile, heat-resisting and 
corrosion-resisting. It can be worked into all shapes and sizes, forged, 
welded, cast or stamped. The claim that there is a steel for every 
purpose in engineering appears to be well justified. 

The chemical analysis of a steel furnishes but one clue to its properties. 
Much depends on the form and the distribution of its constituents 
which may exist in the free state or in combination as compounds or 
solid solutions in varying degrees of dispersion throughout the mass. 
The condition of the constituents is very largely influenced by two 
factors — the heat treatment of the steel and the mechanical treatment. 

Consider first the plain carbon steels, containing only the normal 
small amounts of manganese, sulphur and phosphorus, and the re- 
mainder iron and carbon. This carbon is present as a carbide of iron 
(FcgC) known as Cementite, whilst the iron is called Ferrite. Cementite 
and ferrite may be regarded as forming a eutectiferous alloy system, the 
eutectoid point occurring at 0-89 per cent of carbon, at a temperature 
of 690° C. This eutectoid of ferrite and cementite is called Pearlite. 
A slowly cooled steel containing less than the eutectoid composition is 
shown by the microscope to consist of ferrite and pearhte; one con- 
taining more than 0-89 per cent of carbon to consist of pearlite and 
cementite ; and one containing exactly 0*89 per cent of carbon to be 
entirely pearlitic. The ferrite-cementite system differs from the simple 
binary system in that pure iron exists in three allotropic forms, varying 
with temperature in regard to magnetic properties. The change from 
one modification to another is indicated by absorption of heat on 
heating, and evolution of heat on cooling. This causes arrests, or 
critical points on the heating and cooling curves, where time is plotted 
as the abscissa and temperature as the ordinate. On such a curve 
for a mild steel, shown in Fig. 3, containing 0*3 per cent of carbon, in 
addition to the transformation points of the iron, there is a marked 
arrest at 690° C., the temperature at which the pearlite separates on 
cooling. 

These arrest points have received special names derived from their 
relative position counting from the ordinary temperature, and are 
Acj, Aca, and Acj on heating, and Arg, Ar^, ~ 
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temperatures at wMcb. the transformations occur on heating and 
cooling do not exactly coincide, the cooling curve always showing a 
slight lag. The temperatures indicated by the change or critical points 
are the criteria of the correct heat treatment of the steel. It must be 
borne in mind that the presence of alloying elements, such as manganese, 
nickel and chromium, has a profound effect on the position of these 
points on the temperature scale. Reference will be made to this in the 
paragraph on alloy steels. 

If a plain carbon steel is heated to a temperature above its Ac^ point, 
and held there for a short time, then cooled very suddenly by quenching 
in cold water, and examined microscopically after suitable etching, the 
structure observed is very different from that shown on slowly cooling 



Fig. 3 . TEMpERATtrBr:-TiME Cooling Curve or a 0-30 per cent 
Carbon Steel 


the same steel. The structure observed gives some indication of the 
conditions obtaining at the temperature from which quenching occurred. 
In a plain carbon steel it is known that even with the most drastic 
quenching the cooling is not sufiSciently rapid to suppress the trans- 
formations entirely. At temperatures above the Ac 3 point the steel 
consists of a solid solution of the cementite in the ferrite. This is called 
Austenite and is soft. Quenching a plain carbon steel fails to preserve 
the austenite. In its place appears a very hard constituent known as 
Martensite, which is not a true solid solution, but which is constrained 
to retain the carbide by the velocity of cooling. If the quenched steel 
is now reheated to a low temperature, the carbide begins to separate in 
a finely divided state and appears as a dark etching constituent, 
Troostite. This reheating is known as tempering. As the tempering 
temperature is raised, agglomeration of the carbide particles occurs. 
Martensite is very hard, and a martensitic steel is useless for structural 
work on account of its brittleness. As tempering proceeds, the tensile 
strength of the steel falls, but the elongation and shock-resisting values 
increase. The best combination of mechanical properties of a steel is 
obtained only when it has been correctly wrought, hardened and 
tempered. 
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When steel is cast in a large mass, the strxicture is relatively coarse. 
By forging or rolling, the original structure is replaced by a finer one, 
and this breaking down facilitates the solution of the constituents on 
reheating. 

In all heat treatment of steel it is essential that the time for which 
the steel is held above the critical point, and the temperature attained 
above the critical point before quenching, shall be the minimum re- 
quired to approach equilibrium conditions. The higher the temperature 
attained, the lower will the change points be on cooling. If either time 
or temperature should, be excessive, the tendency is for the grain size 
to enlarge, with a consequent coarsening of the final structure. 

It is generally accepted that a finer crystalline aggregate possesses 
tensile strength and toughness superior to a coarser aggregate on 
account of the greater resistance offered to cleavage and slip. With 
certain forgings, quenching and tempering are not practicable on 
account of the liability to fracture through strains due to uneven section, 
and normalizing is substituted. Normalizing means heating a steel 
(however previously treated) to a temperature exceeding its upper 
critical point by not more than 50° C., for about 15 min. and allowing it 
to cool freely in air. Castings are usually submitted to another kind of 
treatment — annealing. This removes casting strains and gives a more 
uniform structure. In this case the steel is maintained for a considerable 
time just above the upper critical point and allowed to cool very slowly. 

An indication of the effect of quenching and tempering and normaliz- 
ing on a 0*45 per cent carbon steel is given by the following figures. 


Quenched in water from 870° C. 


Yield point 

Ultimate stress 
Elongation 
Reduction of area 
Izod impact value 


Tempered 
at 200° a 
47 tons per 
sq. in. 
65 „ „ 

18 per cent 
33 ,, ,, 

24 ft.-lb. 


Tempered 
at 600° C. 


36 tons per 
sq. in. 
52 ,, ,, 

25 per cent 
60 „ „ 

38 ft.-lb. 


Normalized. 


as per 
sq. in 


ir cent 


It will be seen from the above that, although the chemical composition 
remains unchanged, we have the material in conditions exhibiting 
marked differences in properties. The differences are more marked in 
high than in low carbon steels. This matter will be referred to later in 
dealing with welded fuselage construction, when the ductility is of 
great importance. A low carbon steel is then used so that there shall 
be no local hardening or cracking. Normalizing of such frameworks 
is impossible on account of their dimensions. 

Alloy Steels. By the addition of other elements to plain carbon steels, 
some remarkable changes in physical properties are obtainable. In 
some instances one new element alone is introduced and in others, 
two, three, and even four are included for the steel to acquire the 
desired improved qualities. It has already been stated that the quench- 
ing of a plain carbon steel never results in the complete preservation of 
the austenite. One of the most marked effects of an added element on 
the iron-cementite system is its influence on the temperature of the 
critical points. For example, the presence of 13 per cent of manganese 
or 26 per cent of nickel increases the stability of austenite, or, in other 
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words, depresses the Arg point to such an extent that these two steels, 
even when slowly cooled, preserve an entirely austenitic structure. With 
certain nickel-chromium steels, air cooling produces a structure equiva- 
lent to a water-quenched carbon steel — ^i.e. martensite — and such steels 
are called “air hardening.” They are particularly useful for the manu- 
facture of such parts as would develop dangerously high internal stresses, 
or even fracture, when subjected to a drastic water quenching. Further- 
more, the presence of the added elements is reflected in the increased 
tenacity without loss of ductility. Smaller amounts of these elements 
produce steels which, if sufficiently rapidly cooled by quenching in oil, 
give martensite and troostite by subsequent tempering. 

With the chromium steels one effect is the change in the carbon 
content of the eutectoid composition, free carbide appearing at a much 
lower carbon content than in the simple system. This calls for exact 
control in manufacture and a thorough understanding of the correct 
heat treatment conditions. 

Care must also be exercised in the choice of an alloy steel for its 
particular function in aircraft construction. One of the phenomena 
associated with the allotropic change which occurs in iron when a steel 
passes into the austenitic range is the loss of its magnetic properties. 
Austenite, whether preserved by quenching or by the presence of other 
elements, is non-magnetic and martensite is magnetic. For this reason, 
austenitic steels are sometimes used when non-magnetic material is 
essential. But although austenite persists down to normal temperature, 
the point at which it decomposes to martensite may occur at tempera- 
tures not much below normal, depending on the composition and the 
maximum temperature attained. This has a special significance if the 
non-magnetic austenitic steel is fitted in close proximity to the compass 
of an aircraft used under arctic conditions or high-altitude flight, 
and any formation of martensite may cause very erratic readings 
to be obtained. The change point of such a steel, therefore, should 
he wen below the lowest temperature likely to be encountered in 
service. 

Turning now to a general consideration of the alloy steels used in 
aircraft construction, these fall into two wide groups — the high tensile 
steels, and the non- corrodible steels. The high tensile steels contain 
as a rule about 0*2 to 0-4 per cent of carbon, about 3 per cent of nickel 
and 1 per cent of chromium, with the addition of small quantities of 
vanadium and molybdenum in certain specifications. These steels are 
particularly responsive to heat treatment, and can be treated to cover 
a remarkably wide range of properties, ranging from 50 to 100 tons 
tensile strength, with corresponding elongations. The presence of 
molybdenum is found to eliminate the condition of temper brittleness 
which occurs when these steels are tempered in a certain temperature 
range and slowly cooled. The nickel-chromium molybdomim steel, 
in addition to good all-round tensile properties, gives exceptionally 
fine impact test values, illustrating resistance to shock. 

Nickel, alone, makes the structure of a steel finer, increases the 
strength, ductility and toughness, and also the ratio of elastic limit to 
ultimate stress. 

Chromium, alone, increases the elastic limit and maximum stress 
without appreciable loss of ductility, and also the ratio of elastic limit 
to ultimate stress. A further benefit is the increase in hardness and 
resistance to shock and alternating stresses. 
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The mckel-chromium steels combine most of the good effects of the 
individual elements when added in the proportions quoted above. The 
non-corrodible steels are, again, nickel chromium steels, the one usually 
called “stainless” containing about 0*30 per cent carbon and 12 to 14 
per cent chromium and up to 1 per cent nickel. It is essential that this 
steel should be correctly heat treated to acquire its stainless properties, 
when it is practically immune from corrosion. Failure to withstand 
corrosion can usually be traced to quenching from too low a temperature. 
The other type of non-corrodible steel contains about 0T5 per cent 
carbon, 6 to 8 per cent nickel, and 16 to 18 per cent chromium. It has 
an austenitic structure and is stainless in any condition. The austenitic 
condition, as already mentioned, is relatively soft, with the result that 
the elastic limit of this steel is approximately only 10 tons per square 
inch in the soft condition,^ as against 30 tons per square inch for the 
lower nickel-chromium stainless steel, in the hardened and tempered 
condition. Cold rolled strip has a much higher elastic limit, and after 
shaping operations, parts must not be softened. This is an important 
point for the designer to remember. Since austenitic steels have a low 
elastic limit, they harden very readily, particularly on the surface, by 
cold work as the result of such operations as hammering, machining, 
and in some cases even by filing. Frequent annealing at 1,000° to 
1,200° C. is required to remove this strain hardening, and rapid cooling 
gives a softer product. The work hardening of the austenitic stainless 
steels has been a serious hindrance to their fuller use. It is almost 
impossible to drill and tap small holes below J in. diameter in them. 
When machining of any sort is necessary, it must be done rapidly and 
the cut should be continuous. A tool idling over the surface wiU in- 
evitably harden it and make further work impossible without annealing. ^ 
But it must be remembered that after annealing the yield point is very 
low- 

Reference has already been made to the possibility of setting up 
dangerous internal stresses by quenching, and the value of air-hardening 
and oil-hardening steels in reducing this liability. But even with these 
steels care must be taken to ensure that the heating is as uniform as 
possible. On heating a steel there is, first of all, the normal thermal 
expansion, and in addition there are volume changes associated with 
the allotropic and other change points, reversible on cooling. It is 
obvious that transference of heat takes time, and no matter how drastic 
the quenching, the outer skin must cool more rapidly than the centre 
of the mass. If the outer skin is cooled rapidly and becomes rigid, then 
the changes which occur within will set up internal stresses. These 
stresses when unavoidable can be reduced to a safe limit by low tempera- 
ture annealing. The effect of the mass of the piece being treated must 
also be considered, as well as variations in section, in which stresses 
may cause distortion. 

Normal failures in steel always occur across the grains when caused 
by steady loading or shock. This is a typical feature of this type of 
failure in all sound materials, and an intercrystalline fracture indicates 
some abnormality in the composition or condition of the metal. Failure 
under rapid alternating stress may expose the crystal faces upon which 
slip has occurred as a number of bright facets, which has led to the 

^ See D.T.D. Specification 176 (Chapter X). 

* See Aeroplane, 29th April, 1931 : “The machining of Stainless Steel,’’ by Waddell 
and Worton. 
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mistaken idea that alternating stresses cause the metal to “become 
crystalline,” whereas the metal is always crystalline, and the appearance 
of the fracture depends on the mechanism of failure, which does not 
involve any change in the crystalline structure. 

Lastly, the question of machined surface should be mentioned. It 
is more than aesthetic taste which is satisfied with a polished finish. 
In aU but low carbon steels it is a necessity. The discontinuities and 
unevenness of a rough surface set up local stresses, serve as penetration 
points for corrosion, and by severe concentration and localization of 
stresses may initiate cracks which will develop through the material, 
particularly when it is subject to vibration. Dr. Rosenhain states: 
“I would rather have the poorest of our spring steels with a ground 
and polished surface than a roughly finished spring plate of the best 
alloy that money can buy.”> 

Aluminium. Aluminium is one of the most abundant and widely 
distributed of elements. Though it is never found in the free state, it 
occurs as a silicate in the different clays, as an oxide in corundum, ruby 
and sapphire, as a compound silicate in the various felspars, as a double 
fluoride with sodium in cryohte, and as a hydrated oxide associated 
with iron in bauxite. It was unlmown as a free metal until a hundred 
years ago, and the present methods of manufactoe began their develop- 
ment less than fifty years ago. At that time the cost was excessive, but 
the increasing demand which resulted from a realization of its remark- 
able properties has led to improved methods and a great reduction in 
price. 

Though compounds of aluminium form so large a part of the earth’s 
crust, the only one which is commercially workable is bauxite (AlaOa, 
H 2 O). This mineral is found in Germany, Austria, France, Northern 
Ireland, the United States, and British Guiana. 

The first stage of the manufacturing process is to clear the ore of 
impurities and reduce the hydrated oxide to alumina (AI 2 O 3 ). 

The alumina is then fused in an electric furnace either alone or in 
the presence of cryohte. The furnace is a carbon-lined steel shell 
with negative pole at the bottom. The positive pole is a carbon rod 
or rods which project downwards into the fused mass. The aluminium 
oxide is decomposed, the oxygen escaping at the top and tlie aluminium 
collecting round the cathode at the bottom, from whence it is drawn 
through a tap hole. Owing to the large amount of electric power 
required, aluminium is usually manufactured in places where water is 
plentiful and the power cheap. Those in Great Britain are situated at 
Foyers in Scotland and at Dolgarrog. Our principal supplies of the ore 
come from British Guiana and Ireland. 

Aluminium is a comparatively weak but ductile and malleable metal 
whose principal virtues are its lightness, appearance, adaptability and 
affinity for alloying with other elements for difierent x^^^rposes. ''fhe 
specific gravity is 2-58 to 2-7. Owing to its low tensile strength, it is 
not used in the main structural members of aircraft. It is, however, 
an extremely valuable material for such secondary parts as cowlings, 
fairings, tanks, etc., and is easily beaten into curved panels. It may be 
cast or machined to make distance pieces, packing blocks, and in the 
form of extruded and drawn sections it is used for window frames, door 
steps and cockpit edge headings. Welding is easily carried out on 

^Joum. E,Ae,S., August, 1930: “The Development of Materials for Aircraft 
Purposes,” by Rosenhain. 
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aluminium, sheets, and is used when tanks or cowlings 8ire made from 
this material. 

More used and useful than aluminium itself are its alloys. The best 
known of these is made to B.S. Specifications LI (bar), L3 (sheet) and 
T4 (tube). This alloy contains 3-5 to 4*5 per cent of copper, 0-4 fco 
0*7 per cent each of manganese and magnesium, and 0*3 to 0*6 per cent 
of silicon. It is usually sold under the trade names of “ Duralumin ” and 
17ST. Though its specific gravity is only 2-85, it has a tensile strength 
of 25 to 26 tons per square inch when in the hard condition, a strength 
almost equal to that of mild steel. 

Copper forms a compound with aluminium to the formula CuAla, 
and this, together with magnesium silicide, MgaSi, hardens and increases 
the tensile strength of aluminium. Their effect is similar to that of 
carbon on steel. When raised to a temperature of over 475° C., these 
compounds dissolve in the aluminium. If now it is quenched in cold 
water they are retained in solution at atmospheric temperatures. 
The material is in a soft condition. But it is not in their nature to 
remain so dissolved, and gradually they are precipitated in a very 
finely divided state- This process is apparent in the age-hardening 
which takes place in aluminium alloys. It lasts with decreasing in- 
tensity during several days, the greatest difference being noticed in the 
first few hours. 

Raising duralumin to a lower temperature of about 360° C., followed 
either by air cooling or quenching, softens the material almost per- 
manently and renders it easy to work and shape. 

These two processes are known respectively as “Heat Treatment” 
and “Annealing.” They are described in their practical form in 
Chapter VII. 

In common with most other metals, duralumin is subject to corrosion, 
particularly in salt water spray. Though there have been scares on 
this account, the trouble does not appear to be greater than that 
experienced wdth other materials if suitable precautions are taken. 
The usual method in this country is known as anodic treatment, 
and consists of depositing electrically on the surface a thin film of 
aluminium oxide, after which it is greased with lanoline and painted 
or varnished. 

Owing to the more finely divided state of the copper compound and 
magnesium silicide when the material has been fully heat-treated 
and quenched, corrosion is less potent then than after annealing. The 
more effective the quenching, the more resistant is the surface. The 
principles and methods of anodic treatment are given in Chapter VIII. 

A newer material which has been developed from Specification L3 
is “Alclad” Sheet and Strip. This has a high resistance to salt water 
and alkaline attack owing to its being surfaced on both sides with 
pure aluminium. These surfaces merge almost imperceptibly into the 
alloy and cannot peel off. The aluminium, which is of a 99*75 per cent 
purity, is much less liable to corrosion than the alloy which it protects, 
and scratches are said to heal up. Moreover, the surfaces, being much 
more ductile than the core, do not crack in the same way as the unsur- 
faced metal may. The treatments of annealing and normalizing are 
carried out in the ordinary way, but anodizing is unnecessary unless 
the corrosive conditions are liable to be severe. “ Alclad ” alloy can be 
pulled through a draw bench more easily than duralumin as the soft 
surface acts almost as a lubricant. Its strength is slightly less than that 
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of L3 of the same overall thickness, since about 10 per cent of this 
thickness is a weaker material. The British Standard Specification, for 
it is L.38. 

Another material which shows considerable promise is M.G.7,^ as 
it is known commercially. This differs from the previous wrought 
alurniniinn alloys in containing 5 per cent to 7 per cent of magnesixim. 
The specific gravity is only 2*63 compared with 2-85 for duralumin. It 
is supplied in the extruded, rolled, and forged forms. Sheet and strip 
may be drawn or roUed in the same way as other aluminium alloys, but 
no final heat treatment is necessary. It develops its full strength without 
this, unless it has been annealed for some particularly intricate work. 
The material resists inter-crystaUine corrosion and no protective treat- 
ment is therefore necessary. With certain limitations it may be welded 
and the weld, particularly if hammered, may develop SO per cent of the 
original strength. The Ar Ministry has approved M.G. 7 sheet in two 
forms. The first made to D.T.B. Specification 177 is in the hard con- 
dition, and the second D.T.B. 182 is annealed. The material has other 
specification numbers for bars, tubes, and rivets, 

AlnTYiininTYi aUoy bar to B.S. Specification No. LI machines 
well and can be forged and used for drop stampings. The forging 
temperature is about 420° C. After either macliining or forging, the 
material must be heat treated, and anodizing is recommended as a 
protection on very thin sections which are severely exposed. 

The “Hiduminium B.R. 56” alloy is made to B.S. Specification L40. 
This is now being used for many kinds of stampings, from small 
link mechanisms to airscrew blades. It is more consistent in its strength 
and the yield point is higher than in most light alloy forgings. 

“ B.R. 56” is now being extruded in the form of tubes, angle, channel 
and Tee sections. It can be used for the same purposes as duralumin 
and 17 ST made to Specifications 4 LI, 3L3, and 3 T4. It has the 
advantage of being slightly lighter for the same strength. Witli a 
specific gravity of 2*75 it has an ultimate tensile strength of 27 tons per 
square inch. The heat treatment is different from that of duralumin, 
owing to its different chemical composition. B.R. 56 should first be 
heated to 520°-535° C. and quenched in water. The second stage of tlie 
process, known as the “precipitation” or “ageing treatment” is to 
heat the material to 165 “-175° C. for 10 to 20 hours and then leave it 
to cool in air. If the temperature control is correct within fine limits 
it may instead be heated to 195°~205° 0. for two hours. This alloy does 
not “age-harden” at atmospheric temperatures like the other strong 
aluminium alloys. Shaping operations may be carried out after quench- 
ing, but there is no time limit before the final precipitation treatment. 
If B.R. 56 is bought from the manufacturers, not in strip form, but 
extruded to the final cross section (see next page), the amount of cold 
work necessary is very much reduced. Three other “ Hiduminium ” 
alloys are known as B.R. 50, R.B. 53 and B.B. 53C. These are casting 
alloys and may be either sand cast or chill cast. Their Air Ministry 
Specifications are respectively D.T.B. 133B, D.T.B. 131 A, and D.T.B. 
309. B.R. 50 has an ultimate tensile strength of 10 to 16 tons per 
square inch, whilst B.R, 53 gives 14 to 25 tons per sqxiare inch, depend- 
ing on the method of casting and the heat treatment. 

^ See “Light Alloys for Aeronautical Purposes, with Special Eeferonce to Mag- 
nesium,” Dr. L. Aitchison, Royal Aeronautical Society Lecture, 14th December, 
193S. 
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The range of constituents of the “ Hiduminium ” group is as follows — 


Copper 
Nickel 
Magnesium 
Iron . 

Titanium . 

Silicon 

Aluminium 


0*50 to 5*00 per cent 

0*20 „ 2*50 

0*05 ,, 5*00 „ 

0*60 „ 1*50 

0*05 „ 0*50 

0*20 „ 0*50 

remainder. 


The actual constitutions of the individual alloys are given in 
Chapter X. 

The titanium is added as a cleanser and to prevent oxidation of the 
metal as it is being poured. Another range of aluminium alloys of 
somewhat similar analysis but with cerium substituted for titanium 
is sold under the trade name of “Ceralumin.” In addition to giving 
good foundry properties, it is claimed for the cerium that “it allows 
the beneficial mechanical effects of a high iron content to be obtained 
by suppressing the embrittling aluminium-iron constituent which is 
otherwise liable to be formed.” 

“ Ceralumin” has a specific gravity of 2*79 and as sand cast toSpecifica- 
tion D.T.D. 255 it has a maximum strength of 18 tons per square inch. 
The heat treatment of such castings is in two stages like that of the 
Hiduminium alloys. It is first heated for four to six hours at 515°- 
535° C. and quenched in oil or water. It is then heated to 170°-180° 0. 
for 16 hours and quenched or air cooled. If, however, instead of the 
second stage the material were allowed to age-harden at room tem- 
perature for six days it would be softer and more malleable. This 
softer form is covered by Specification D.T.D. 250. Like “ Duralumin” 
and “Hiduminium,” “Ceralumin” is also made for extrusion, a process 
which is becoming increasingly popular. 

In the extrusion process, metal heated to a plastic state is forced 
through dies by means of hydraulic pressure. Sections, such as angles, 
channels and tees, are thus produced having a smooth surface and a 
fine uniform structure. 

The permissible thickness of the extrusion varies according to the 
section, but sections which could be inscribed in a 4-in. diameter circle, 
down to J in. thick and up to 20 ft. long, are commonly produced. 
These are not, however, the limits of what is possible, and the process 
is being increasingly used by alloy manufacturers to save the aircraft 
constructor many of liis workshop difficulties. 

Two of the best known casting alloys are made to B.S. Specifications 
L5 and L33. They are of little strength, but extremely useful for pack- 
ings and many unstressed fittings. L33 welds easily to aluminium and 
is often used for screwed fittings on tanks of that material. 

There are also other aluminium alloys used for casting, including the 
well-known Y-alloy, but they are more used in aircraft engine work than 
in the construction of the machine itself. 

Magnesium. Magnesium is, like aluminium, an element very widely 
distributed in the earth’s crust. It exists in the form of silicate, carbon- 
ate and chloride in such minerals as hornblende, talc, asbestos, meer- 
schaum, dolomite, magnesite, carnaUite and olivine. 

Metallic magnesium was first produced by Sir Humphry Davy in 
1808, some sixteen years before the isolation of metallic aluminium. 
It was not, however, until 1900 that a commercial process for extracting 
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it from its ores was evolved. This was the electrolytic method developed 
in (xermany. But magnesium at that time had few applications beyond 
its use in photographic work and in pyrotechnics. 

Three years later the first alloy was produced in Germany, and in 
1909 “Elektron ” was exhibited there. The latter is now the best known 
series of the magnesium alloys. Manufacture did hot proceed on a com- 
mercial basis until 1914, when the urgent needs of war and the shortage 
of aluminium alloys and brass in Germany gave a great impetus to 
magnesium research. Since then many developments have taken place 
and the material is definitely reaching an important position in 
engineering practice. 

The present-day methods of manufacture are not made known, 
but they are a development of an earlier one in Germany whereby 
fused carnaUite was electrolyzed, carnallite being tlio mineral clilor- 
ides of magnesium and potassium. In America, magnesium was made 
from pure magnesia (MgO) by adding it to a bath of fused magnesium 
and potassium chlorides, the metal collecting at the negative electrode. 

The specific gravity of pure magnesium is 1*74, and that of elektron, 
which also contains small quantities of aluminium, manganese, zinc, 
copper and silicon in alloy, is 1*82. This figure is so strikingly below 
that of any other commercial metal that the material sliould make a 
great appeal. Even duralumin, with a specific gravity of about 2-85, 
is more than 50 per cent heavier than magnesium. With this low 
specific gravity, it has a comparatively high tensile strength, so that 
its strength density ratio is 10 against 8-8 for duralumin. But there 
have been great difficulties with the metal, such as its liability to fire, 
its poor resistance to corrosion, and its high cost of manufacture. 
These, it is claimed, have now been overcome in elektron alloys. If 
the troubles can he further eliminated it is extremely likely that 
elektron will become a rival to duralumin and high tensile steel even 
for main planes and fuselage structures. Elektron is approved by the 
Air Ministry with varying quantities of alloying metals under Specifica- 
tions D.T.D. 118 as sheet, D.T.D. 142 and 259 as bar and extrusions, 
and D.T.D. 136A, and 140A as castings. 

The physical properties of these alloys vary witli tlie constituents, 
and the ultimate tensile strengths range from 11 to 20 tons per S(piare 
inch in the sheet and bar forms.^ They may be graded into two groups, 
the first having the high tensile strength of 18 tons per square inch. 
The second group with the lower strength may be easily welded and is 
more resistant to corrosion. Oxy-acetylene welds in this sheet ( D.T.D. 
118) may be as reliable and easy to make as those in mild steel, and the 
strength is 80 to 90 per cent of that of the unwelded sheet. Even when 
worked in as thin sheets as 26 s.w.g. there appears to be no tendency to 
flare up in the welding flame. The material is protected against corrosion 
by treatment in dichromate solutions, the process being known as 
“ chromating.” This, like the anodic coating on duralumin, .serves as an 
excellent base for a paint varnish or enamel finish. Elektron tanks have 
shown no signs of corrosion after two years’ commercial service. This 
process is described on a later page. 

^ The technique of working elektron is different from that used for 
either steel or duralumin. When cold only slight deformation is possible, 
and any shaping which is achieved may suffer from severe internal 
stresses. Any considerable amount of work must he cai'ried out at a 
^ See Chapter X for Strength Tables and Specifioations. 
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temperature of about 250° C. In beating tank and fairing shapes, a 
blow-lamp playing on the surface is usually sufficient, if the radius of 
bend is, as it should be, large. Unlike steel and aluminium alloys, heat 
treatment subsequent to working is unnecessary. 

Rapid changes of section and concentration of stress are to be 
avoided. 

In addition to sheet and bar, elektron is now being supplied in the 
excluded form in a variety of shapes and sizes. 


Fxg. 4. ALBAmos Biplane 
Uses of magnesium alloys in aircraft structures 
(By courtesy of Messrs. F. A. Hughes Co., Ltd.}. 


It machines very easily and gives a clean, silver-bright finish without 
any signs of the “drag” shown in aluminium and its alloys. 

Sufficient has been said, perhaps, to show that elektron may be 
considered seriously by aircraft constructors and that rapid advances 
have been and are being made in its development. Fig. 4 illustrates 
the parts of an Albatros biplane which were made in elektron. After 
about a year’s use, when the machine was put out of service, these 
parts were still in perfect condition. 

NICKEL ALLOYS. Inconel. Inconel is composed approximately 
of 80 per cent nickel, 14 per cent chromium and 6 per cent iron, and can 
be work hardened to raise the tensile strength from 35-*50 tons per square 
inch to 85 tons per square inch. In view of its particularly high 
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resistance to heat oxidation at very high temperatures it finds a ready 
use in the manufacture of silencers and exhaust manifolds. In this 
application benefit will also be derived from its low coefficient of expan- 
sion, this becoming apparent both in the actual fabrication and in tlie 
working life of such parts. Inconel also offers good resistance to the 
corrosive action of the various chemical compounds deposited on the 
insides of exhaust manifolds, particularly on engines operated on 
anti-knock fuels. 

Yarious methods of joining Inconel are possible, including riveting, 
soldering, brazing and welding. 

. Inconel sheet and strip are covered by Spccificatioix D.T.I). 328. 

“ K ” Monel. This may be used to advantage where liigli strength 
and/or hardness properties are required, combined with high corrosion 
resistance or immrmity from rusting. Advantage is found in its non- 
magnetic qualities. 

It is a development from the well-known Monel metal, a, high nickel- 
copper alloy, being basically of the same chemical composition, with 
the addition of aluminium. Heat treatment renders it soft or liard and 
strong, at will, and it is readily workable, either cold or hot. In its cold- 
worked and thermally hardened condition may be found its highest 
ultimate tensile strength of 72 tons per square inch with a» corresi)onding 
BrineU figure of 320. 

With good quality high-speed steel tools, “K” Monel lias similar 
machining characteristics to mild steel, though in ihe work-ha,rdened 
plus thermally-hardened condition, Widia or similar tools will be neces- 
sary. Machining before final thermal hardening <jbvia-tes tlio necessity 
for special tools. 

The original Monel metal alloy is covered by A.M. 8pecificaf.ion 
D.T.D. 204, covering rods, wire and rivets. 

OOiVIPARISON AND CHOICE OF MaTJOKIALS 

Three main groups of metals have been discussed as coming within 
the scope of the aircraft constructor for structural purposes. Tliey 
are — 

1. Carbon and alloy steels. 

2. Alumdnium and its alloys. 

3. Magnesium alloys. 

Each of these groups covers a wide field, particularly the first, which 
has been shown to range from mild steel with a tensile strength of the 
order of 30 tons per square inch to alloy and high carbon steels with 
a tensile strength of 100 tons per square inch and over. Aluminium 
alloys are produced in fewer yet very diverse forms. Magnesium 
alloys can barely be said to have any hold at present, except for 
secondary structure, hut they are thought to have a big future. 

How is the designer to choose amongst all these materials? The 
very diversity found in aircraft structure proves the difficulty of the 
choice. A superficial comparison is not sufficient. 

The factors which influence any selection may be classified briefly 
as follows — 

1. Strength considered in relation to weight, “strength^* being the 
figure appropriate to the function of the particular member — ^e.g. 
tensile or proof stress for ties, compression yield or modulus of elasticity 
for struts, etc. 



MATEEIALS 


21 


2. Physical properties. 

(a) Durability and resistance to wear, service, fatigue, etc. 

(b) Eesistance to corrosion, including a consideration of cost 

of protection. 

(c) Working properties, taking into account elaborate equip- 

ment, heat treatment, etc. 

3. Cost. 

(a) Cost of the raw material. 

(b) Cost of working, wages of the appropriate labour, labour 

and tools available. 

4. Availability and sources of supplies. 

(а) Size and regularity of supplies. 

(б) Consideration of supplies required in time of war and the 

possible place of such war. 

Some of these factors, particularly in the first and second categories 
are constants which do not vary. Others, such as cost, vary both in 
time and place. Others, again, may be influenced by further research 
and development if the expense appears to be justified. This, from the 
constructor’s point of view, applies particularly to tools and working 
methods. 

It is not sufficient to consider these points in relation to aircraft as 
a whole. They must be considered in relation to each particular 
design and almost to the individual members in the design. Besistance 
to wear and service, for example, is not so important in a military 
fighter as in a commercial freight carrier. And the material which is 
thought to be most suitable for a main plane spar is not necessarily 
the best for an undercarriage axle or a flying boat hull. 

The complexity of the problem has been rather stressed on account 
of the tendency in some quarters to make light of it. TTp to a point 
the materials may be weeded out on a strength for weight basis, but 
even at this stage the less theoretical points must be borne in mind. 

Considering first the strength in relation to the weight, a useful ratio 
is obtained by dividing the proof stress by the specific gravity.^ Taking 
a number of well-known materials — 

This ratio may be easily tabulated for all the materials listed in the 
Specifications (Chapter JC). Rearranging this table in order of merit 



Mild 

Steel 

Sheet, 

S3 

High 

Tensile 

Steel 

Sheet, 

S86 

High 

Tensile 

Steel 

Strip, 

D.T.D. 

138 

Non-cor- 

rodible 

Steel 

Sheet, 

U.T.H. 

166A 

Duralu- 

min 

Sheet, 

L3 

Elektron 

Sheet, 

D.T.D. 

120 

Proof stre.ss in tons/sq. in. . 

20 

42 

65 

40 

15 

7 

Specific gravity 

7*8 

7*8 

7*8 

7-8 

2-85 

1-82 

Proof stress/sp. gr. 

2-56 

5*38 

8*32 

5*13 

5-26 

3*86 


^ Proof stress is defined as that stress at which the stress -strain diagram departs 
from the straight line of proportionality by 0-1 per cent of the original gauge length. 
It is a figure which can be determined more exactly than yield point, and it is more 
useful than ultimate tensile stress, particularly in some of the “plastic” steels. A 
proof stress of 0*5 per cent extension is occasionally used for non-ferrous materials, 
and is specified as such. 
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and giving B.T.D. 138 tlie value of 1 for the purposes of comparing their 
qualities purely as tie members, we get — 


High Tensile Steel Strip 

. D.T.D. 138 . 

. 

. 1 

High Tensile Steel Sheet 

. sso . 


. 1-54 

Duralumin Sheet 

. L3 . 


. 1-58 

Non-corrodible Steel Sheet 

. D.T.D. 166A 


. 1*62 

Elektron Sheet . 

. D.T.D. 120 . 


. 215 

Mild Steel Sheet . 

.S3 


. 3*24 


Mild steel would appear to be completely ruled out as an economical 
material to take tension. Tie rods are normally made of high tensile 
steel, as this table indicates. The general use of mild steel in lugs and 
fittings under tensile loads may be explained by considerations of cost, 
working qualities, etc. 

Turning from ties to struts, the position is more complicated. Short 
struts fail by pure compression, the compressive yield point being the 
measure of their strength. Long or Euler struts, on the other hand, 
fail by bending, the modulus of elasticity being the criterion. Inter- 
mediate cases are influenced by both yield point and elasticity. And 
all may be affected by secondary buckling if the strut wall is thin. 

Taking yield point first and comparing some much used tubes — 



Carbon 

Steel 

Tube, 

T1 

Axle 

Tube, 

T2 

50-ton 

Carbon 

Steel 

Tube, 

T50 

Mild 

Steel 

'rube, 

'rdC) 

Welding 

Tube, 

'145 

Duralii- 

mill 

Tube, 

T4 

Yield point in tons per sq. 







in 

30 

78 

40 

11 

40 

18 

Specific gravity . 

7-8 

7*8 

7’S 

7-8 

7*8 

2-85 

Yield/Sp. Gr. . 

3-85 

10 

5-13 

1-41 

5-13 

0-32 


The long strut, designed on the modulus of elasticity, E, gives — 


Carbon 

Steel 

Tube, 

T1 

Axle 

Tube, 

T2 

.50-ton nr;,,, 

T50 ^ 

Welding 

Modulus of elasticity/10® 30 

Specific gravity . 7-8 

Mod. EI./Sp. Gr. . 3-85 

28*7 

7-8 

3-68 

30 a 30 

7'o 7'S 

3’85 3-85 

30 10-5 

7-8 2'85 

3*85 3-68 

The order of merit is — 


Shori Struts 

Long Struts 

Axle Tube, T2 


. 1 

1-04 

Dural Tube, T4 

* 

. 1*58 

1*04 

50 Ton Carbon Steel Tube, 

T50 

. i'95 

1 

Welding Tube, T45 . 


. 1-05 

1 

Carbon Steel Tube, T1 


. 2-6 

1 

Mild Steel Tube, T26 

. 

, 7*1 

1 


The normal strut used in an aircraft stx*ucture lies somewhere between 
these two limits. It will be seen that the mild steel tube, so poor in 
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direct compression, may have considerable Justification in actual 
practice, especially when its cost is taken into account. In order to 
make the comparison fairer, the full yield point of the welding tube 
was used, not the reduced yield point which results from welding. 
Welding, of course, has no effect on the modulus of elasticity. Using 
the reduced yield point would only have been justified if the 
work and weight of machined end fittings had been brought into the 
calculation for the other tubes, obviously an impossible procedure. 
Treatment on these lines might be extended to include torsion members, 
bolts under shear, and so forth. It is easily done, but the limitations of 
the method have been pointed out. 

The maximum permissible stress in a simple beam is usually taken 
as the mean of the ultimate tensile stress and the proof stress, but this, 
as a basis of comparison, is even more unsatisfactory than in the cases 
given above ; for although it may be possible to design a beam of great 
strength in high tensile steel, no method has been found of increasing 
Young’s Modulus (£'). The value of this ratio remains approximately 
the same at 30 X 10*^ lb. per square inch for all steels. Thus, whilst the 
failing strength of a beam is a function of the mean of the ultimate and 
proof stresses, the deflection is not. Other things being equal and ignor- 
ing shear, deflection is a function of E» Imagine two beams of equal 
dimensions, methods of support and loading, the one made of mild 
steel and the other of high tensile steel. Load for load they will deflect 
the same amount until the mild steel one collapses. The other will then 
go on deflecting until at a much greater load and, after much more 
deflection, it too will collapse. But for a given load, the second would 
not be made as heavy as the first. The outside dimensions or the thick- 
ness of the material would be reduced. In thus taking advantage of the 
greater strength of the material, the moment of inertia would be reduced. 
The deflection of the high tensile steel beam would then be even greater. 

KWL^ 

Putting it in formxila : o = where K and ” depend on the 

methods of support and loading. It will be seen that neither ultimate 
nor proof stresses enter into this equation in even a disguised form. 

For structures of normal proportions Young’s modulus imposes a 
limit on the use of steels of high tensile strength, and it appears likely 
that such improvements as are made in steels will be rather in the direc- 
tion of improving their working and stainless properties than in pushing 
up the ultimate strength. 

The following materials are in general use in this country for the 
purposes stated — 

(For the qualities and meanings of the following Specification num 
bers see Chapter X. In aU cases the latest issue number is implied 
Those in heavy type are non-corrosive or stainless steels.) 

Wing Structures. 


(a) Aluminium Atuoy Wings 


Spars 

Ribs 

Struts 

Bracings, Internal 
Bracings, External 
Fittings, Sheet . 
Fittings, Bar . 


. L3, LBS or L4() 

. T4:, L3, L38 or lAO 
. L3, L38, T4 or T50. 
. W1 or W8. 

. W3. 

. S4, D.T.D. 60A. 

. SI, S2, S80. 
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L38 (Alclad) is sliglitly more expensive than duralviuiin, L3, in 
first cost, but there is a saving on anodic treatment. For ribs, 
duralumin tube, T4, is more expensive than alclad or duralumin strip, 
but may not be obtainable readily in the required sizes. There is, 
however, less workshop expense as it is already in shape. Similarly 
with struts, solid-drawn tubes either in duralumin, 14, or steel, T50, 
may save working costs, but require a fairing to be added if tliey are 
external. 

(&) Steel Strip Wings. 


|P^®[h.T. strip 

S86, S87, S88, D.T.D. 137, 138. 

Stainless H.T. 


Strip 

D.T.D. 46A, 60A, 166A. 

Struts 

T50 or built-up from one of above strip 


steels. 

Bracings, Internal 

Wl or W8. 

Bracings, External 

W3. 

Fittings, Sheet 

S4, D.T.D. 60A, 166A. 

Fittings, Bar . 

S2, S80. 


The choice of strip is large, as each firm specializing in this type of 
construction has developed its own materials. 

(c) Ftjsblages. 

Monocoque — 

Frames and Shell L3, L38 or L40. 

Fittings, Sheet S4, D.T.D. 60 A, 166A. 

Fittings, Bar. S2, S80, LI. 

Welded Structure — 

Longerons, etc, , D.T.D. 41, T35, T45. 

Fittings, Sheet . S3. 

Fittings, Bar . SI, S21.^ 

Bracings . . Wl, W8. 

Tubular structures with mechanical joints — 

(i) Light alloy — 

Longerons, etc. T4, D.T.D.220. 

Fittings, Sheet L3, L38, S4, D.T.D. BOA, 166A. 
Fittings, Bar . LI, S2, S80. 

Bracings . Wl, W8. 

(ii) Steel — 

Longerons, etc. T50, T45, T35, D.T.D. 105. 

Fittings, Sheet S3, 84, D.T.D. 60A, 166A. 

Fittings, Bar . SI, S2, S6, S80. 

Bracings . Wl, W8. 

Steel strip structure — ^As for steel strip wings. 

{ d ) Flying Boat Hulls, Floats, etc. 

Frames and Shell . L3, L38, L40. 

Fittings, Sheet . . L3, D.T.D. 60A, 166A. 

Fittings, Bar . .LI, S80. 
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ie) Tail Unit. 

(i) Light alloy — ^As for main planes. 

(ii) Steel strip — ^As for main planes. 

(iii) Welded — 

Spar and Hibs T45, T35, D.T.D. 41. 

Fittings, Sheet S3. 

Fittings, Bar SI, S21.i 

Bracings, Internal Wl, W8. 

Bracings, External W3. 


(/) Undercarriage. 
Axle 

Radius Rod * . 
Compression Leg 
Fittings, Sheet . 
Fittings, Bar . 

{g) Engine Mountings. 
Welded-^ 

Tubes . 
Fittings, Sheet 
Fittings, Bar 

Jointed — 

Tubes . 
Fittings, Sheet 
Fittings, Bar. 


T2, D.T.D. 254. 

Tl, T50, T35. 

Tl, T50, T45. 

S3 for welding, S4, D.T.D. 60A, 166A. 
SI, S2, S80. 


D.T.D. 41, T45. 
S3. 

SI, S21.^ 


Tl, T50, T45. 
S3, S4. 

SI, S2. 


(//.) Controls. 

Cables 

Levers and Fittings- 
Sheet . 

Bar 

Tubes 


. W2. 

S3, L3 

SI, S21, L40. 

T4, Tl, T26, T35, D.T.D. 41. 


{j) Tanks. 

Tinned Steel — 


Shell . 
Fittings, Sheet 
Fittings, Bar 

Aluminium — 
SheU . 
Fittings 

Magnesium — 
Shell . 
Fittings 

Tank Straps 


. S20. 

. S3, S20. 

. B6, B13. 


. L4, L16. 
. L5, L33, 


. D.T.D. 118. 

. D.T.D. 142. 

. L3 or scrap from any available H.T- 
steel scrap. 


^ SI may be used for small fittings, but S21 should be specified for anything over 
1 i in. diameter if normalizing cannot be carried out. 
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Thus tabulated, tlie available materials appear a little less formidable 
than the complete list of specifications. The first choice to be made 
of course, is the material for the primary structure, the remainder 
following from that. In a plant specializing in marine ahcraft, where 
aluminium alloy is largely used in the hulls, one would not find separate 
equipment to produce wings in strip steel. There is economy in con. 

sistency, and the remainder of the structure — ^wings, tail unit, etc 

would be built in duralumin or alclad too. Similarly, a welded tail 
unit and engine mounting goes with a welded fuselage. A strip steel 
fuselage implies strip steel wings and tail. In this way duplication of 
equipment is avoided and overhead charges reduced. 

New materials are constantly being added to the list, and many more 
are to be expected, ferrous and non-ferrous. ^ High tensile alloys steels 
are scarcely less in their infancy than aluminium alloys, or, tor that 
matter, magnesium alloys. There are great possibilities, and the air- 
craft constructor waits for the metallurgist. Entirely new materials 
may yet be discovered. Beryllium, with even greater possibilities 
than magnesium, is still almost unknown beyond the laboratory. 
Details of design depend on the metal used, and developments in the one 
will keep pace with those in the other. 


^ See Journ. E.Ae.S., August, 1930, “The Development of MatorialH for Aircraft 
Purposes,” Rosenhain, also Journ. R.Ae.S., WovomlKU-, 103S, “MjitiM'ials of Airoi-aft 
Construction,” Gough. 



CHAPTER III 

MAIN PLANES AND MAIN PLANE STRUCTURES 

Main Plane Construction will be treated under the two main headings of 
Biplane and Monoplane. Before dealing with the details, the present 
position will be reviewed and the two extreme cases of the fabric covered 
biplane and metal-clad cantilever monoplane discussed in general 
terms. 

A conventional type of wing structure for biplanes was evolved and 
used almost universally for many years, irrespective of the material 
— ^wood, steel, or duralumin. This type of structure was for planes of 
rectangular plan form, and a section of constant depth from the centrf* 
to within a short distance of the tip. The air load was taken on a fabric 
covering which transmitted it to ribs of braced girder construction. These 
carried the load to two spars at about one-quarter and two-thirds of the 
chord from the leading edge. The spars were beams supported and 
separated by interplane struts, which divided their lengths into two or 
more bays. The transverse and longitudinal panels thus formed were 
cross braced with high tensile wires. 

The centre of pressure lies between the spars in normal flight, and in 
stressing the load is divided between them in inverse ratio to the dis- 
tance of the C.P. from each. This stressing method assumes that the 
two trusses, front and rear, are free to deflect independently of each 
other and that they are not restrained either by the ribs or by the 
incidence bracing. 

The spars were, however, assumed to act together in taking drag and 
the horizontal components due to staggered interplane struts. For this 
purpose, and also because the spars were weaker under bending in the 
horizontal direction, struts were run between them, forming rectangular 
panels in plan view ; these panels being also cross-braced with wires. 

A structure of this kind is light and no great improvement has been 
made on it for the biplane. Even in turning over to metal construction, 
no change occurred and each wooden member was meiely replaced by 
a metal one. 

Many monoplanes, particularly in the high wing and parasol arrange- 
ments, have also been built in this way. Constructionally, if not aero- 
dynamically, it is as if the lower plane had been removed and the 
vertical interplane struts replaced by lift struts sloping down to the 
lower longerons. But aerodynamic design has developed with structural 
design and at the other end of the scale from the thin rectangular biplane 
wing there is now the cantilever monoplane with a taper in both plan 
form and thickness, the section at the root, in some cases, having twice 
the thickness : chord ratio of the biplane. 

Compare the biplane and monoplane and consider only simple vertical 
load on one of the trusses (Fig. 5). Owing to its bigger span, the very 
much narrower base and the lack of external bracing, the cantilever 
carries much bigger Ipads at its root than are taken in the upper and 
lower spars of the biplane ; but against this, there is no axial end load, 
and the bending moment curve of the monoplane shows a simple 
increase from tip to root and has no alternating maxima and minima. 

2— (A. 9003) 27 
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In the monoplane, therefore, it is easier to develop a uniform stress and 
use the material economically. The taper in depth helps in achieving 
this economy. 

It was stated above that, in the biplane, a stressing assumption was 
made that the front and rear trusses deflected independently and were 
not restrained by the ribs or incidence bracing. Such an assumption 
may not depart dangerously far from the truth, particularly as the 
section is thin ; but in the monoplane, it is less justified owing to the 
depth of the section, and the question of torsion must be investigated. 



BIPLANE TRUSS 





/ 


^ ^-1 -1 

- A ;-.! L 



cantilever MONOPLANE' truss . 

Fig. 5 

It is a common practice to carry some of this torsion in a metal skin 
covering of the upper and lower surfaces. 

Consider an elementary cantilever wing in the form of a rectangular 
cell (Fig. 6) encastre at one end. The cell will liave a flexural axis, 
which may be defined as a lateral line such that when vertical 

load is applied anywhere along its lengtli, only vertical bending will 
occur ; but there is only one position of tlie centre of pressure which 
can coincide with this line. In all other positions there will be a 
torsional as well as a translational deflection. 

Let P represent a load in the section ABC I), not passing tlirougli the 
flexural axis Oi-Og. At Oj apply two equal and opposite forces i\ and 
Pa, each equal and parallel to P. These equilibrate and the cell is now 
under the action of the direct force Po, causing vertical (hdlection and 
the couple of P and Pj, causing rotational deflection. 

Considering first only the rotational case : the top, bottom, and side 
panels will be in shear as shown by the direction of tlie arrows. In the 
anel BCC'B\ for example, there will be tension along the line QB' 
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and compression along the line BC\ This will cause a wave to develop 
from C to B' with shallower ripples parallel to it. Similar waves and 
ripples will develop simultaneously in the other panels. 



Secondly, the effect of the vertical load P 2 will be to augment the 
shear in ADD' A' and relieve it in BC C'B'. 

Add a number of such cells to one another, camber the top and bottom 
surfaces, fit leading and trailing edges, and a structure appears which 



resembles, in principle, some of the cantilever wings described in the 
second half of this chapter.^ 

There is a centre trunk with diaphragms at intervals. The front and 
rear walls are spars to take the vertical bending. The top and bottom 
surfaces assist in resisting the torsion. 

In some cases the surfaces are stiffened with corrugations in the 
longitudinal direction. The effect of these on a panel in shear is to 

^ The author is indebted to a paper “ Problemi modemi nella construzione metallica 
degli aeroplani,” by G. Gabrielli, in U Aerotecnica, January, 1931. See also R. & M. 
No. 1653, ‘'Summary of the Present State of Knowledge regarding Sheet Metal Con- 
Btruotion,*’ by H. L. Cox, also “Some Developments in Aircraft Construction,” 
H. J. Pollard, Journ. R.Ae.S,, July, 1934. 
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preveat the formation of diagonal waves, and it is characteristic of them 
that when collapse eventually occurs it is sudden and definite. There 
is less deformation than in the fiat panel, but provided that the elastic 
limit is not passed, the waves in the latter will disappear on releasing 
the load and their presence does not necessarily indicate imminent 

In^some monoplane wing structures, the metal skin extends from 
leading to trailing edge and there is more than one spar {e.g. Junkers, 
p. 143). In another, the trunk is not rectangular (Kellner-Bechereau, 
p. 138). In the Breda (p. 148) the spars are brought close together and 
braced with struts to form a girder strong in both bending and torsion. 
In the Dewoitine (p. 125) there is only one spar, and the torsion is taken 
by the leading edge. The Monospar is also a single-spar wing, and the 



Fig. 8. Dtoalumin Spahs 


A, Short. B, Handley-Page 
(By courtesy of Flight”) 


torsion bracing consists of pyramids of wires on each side, forming a 
double helix (p. 92). This wing is fabric covered. 

This type of wing may be full or semi-cantilever. It may house the 
power units and provide support for the undercarriage. In designing 
such a wing, the thrust and torque of the engines in flight, and the loads 
from the undercarriage in landing would, of course, be considered. 

There is, however, one characteristic common to most pf these, and it 
is that such planes are extremely difficult, if not impossible, to stress 
mathematically. They are designed on a basis of mechanical testing. 


Conventional Biplane Stiwctuues 

SPA BS. The early designs of spars soon showed the need for investiga- 
tions into the instability of thin materials, a subject which had received 
little attention from the structural engineer. It was found tliat spars 
designed to conventional beam sections failed in buckling long before 
the maximum direct stress had been reached. With the aid of corru- 
gations, however, the secondary failure could be held back until the 
stress developed more nearly approached the direct failing strength 

stress developed 

of the material. The ratio of efficiency becomes — 

maximum stress 
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A high value for efficiency may be obtained, but other considerations 
arise. The spar is not a self-contained member, but must have ribs, 
drag struts, external bracings, and fuselage attachments. The expense 
and weight of these fittings must not exceed and ought not to approach 
the saving on an efficient spar. Again, the efficiency figure of the spar 
should take account of the cost of its manufacture. It is impossible to 
say at what point the compromise must be made, but experience and 
economic pressure are helping the decision. In civilian aircraft the point 
of compromise is not necessarily the same as in military. A big pro- 
duction will justify the use of an elaborate design more than will a small 
production. 

The general types of metal spars used by British manufacturers are 



A, Westland, J5, Bristol 

shown in the accompanying illustrations. It will be seen that, although 
some are of aluminium alloy and others of high tensile steel, the majority 
fall into two types. In the first type the spar is made in the form of a 
box from four strips of corrugated metal. In the second there are 
tubular booms with a single plane or corrugated web. 

The Short and Handley-Page spars (Fig. 8) are good examples of the 
first type. The material is aluminium alloy. The flanges are arcs of 
circles in section attached to the webs by four outward riveting lips. 
In the Short spar the web section is also made up from circular arcs, 
whilst in the Handley-Page short flats are also used. Roughly speaking, 
these spars are designed on the same theory as the I-beam familiar to 
structural engineers, in which the flanges cater mainly for the bending 
stress, the webs for shear, and both for end load. At points of high stress 
the flanges are doubled up with cover plates, as shown in the Short spar. 

The Westland and Bristol sections (Fig. 9) are very similar, but the 
material is high-tensile steel of a much thinner gauge than that used in 
the duralumin spars. Whereas the latter may be made of material 
from 20 s.w.g. up to as much as 14 s.w.g., the steel spars may have 
webs of 28 s.w.g. On the other hand, the duralumin spar is not expected 
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to develop a stress of more than 20 tons per sq. in., whereas the steel 
spar gives 65-70 tons per sq. in.^ Since the steel spar is made of much 
thinner material, the radii of the corruga- 
tions must be less. This point is dealt with 
more fully later, but the difference should 
be noticed at this stage. As in the Short 
and Handley -Page sections, the Westland 
spar is assembled by riveting along the 
four lips. The Bristol spar is produced 
without rivets. The lip on the web is 
doubled over, the flange lip being drawn 
into it to form an interlocking joint, which 
is sufficiently tight to withstand normal 
shear. At points of heavy loading the fric- 
tional resistance may not be sufficient, but 
the rivets used to secure ribs and fittings 
Fig. 10. Boulton & Paul visually provide the necessary additional 
Steel Spar shear strength. 

{Bv courtesy might") Boulton and I^aul steel spar (Pig. 

10) has two additional features in the 
form of flat plates between web and flange, top and bottom, and 
tubular distance pieces across the webs. When a spar is subject to 
bending there is a tendency for the section to distort, the depth becomes 




rXG. n. bTEEL ISpabs 


Ay Biackturn Bluebird 
C, Hawker steel strip spar 

^ {A by courtesy of "The Aeroplane") ana jj oy courtesy of "Flight ") 

tWiSfSa of 1^“'™ dimension, nnd stmngth of 


B, Arrastroiig-Wliitworth 
B, Solid drawn tube stool spar 

(B and D by courtesy of "Flight") 
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less and the width greater. The moment of inertia is thereby reduced 
and the resistance of the spar to bending becomes less. The eSect of 
both strips and distance tubes is to prevent this distortion and hold the 
section up to its work. 

On the same general design, but differing slightly in its expression, are 
the spars shown in Pig. 11. The Blackburn Bluebird spar was drawn from 



Fig. 12. Ahmsthong -Whitworth Steel Spar 


(By courtesy of The A.T.S. Co.^ Ltd.) 

only two strips, and had but one line of rivets. The Armstrong- Whit- 
worth section shown in Pig. 11 was, however, made from eleven 
strips attached in six lines of rivets. Some figures on this spar given by 
Major P. M. Green ^ will be of interest. They are as follows — 


Tliickness of flanges . . . . 0-02 in. 

Thickness of cornices . . . . 0*012 in. 

Thickness of web . . . . 0*01 in. 

Thickness of jointing strip . . . 0*008 in. 

Outside fibre stress . . . .75 tons-sq. in. 

Moment of resistance .... 30*4 tons-in. 

Weight per foot ..... 0*854 lb. 

^ Fifth International Congress on Aerial Navigation at The Hague, 1930, '“Tlie Con- 
struction of Aircraft in Steel,” by Major F. M. Green, O.B.E., M.Inst.C.E., F.R.Ae.S. 
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The overall depth is 5-5 in., and the flanges are tangential to circles 
If in. diameter. 

The material is a nickel chrome steel strip, heat treated and tempered 
to a OT per cent proof stress of 65 tons/sq. in. 

Major Green states: “The spar . . - has a web 2*7 in. deep and 
0-01 in. thick. If this were simply a fiat strip, it would be good for an 
end compression stress of about 1*1 tons per square inch and for a 
shear stress of about the same value. The corrugations formed in it 
increase the strength so greatly that it develops a resistance of about 
64 tons per square inch in compression and of about 36 tons per square 
inch in shear before failing. Of course, the corrugations use a little 
metal, but even allowing for this, by making the flat web 0-012 in. 
thick, which would make it heavier than the corrugated web, it would 
stOl develop only 1*5 tons per square inch and have less than one- 
twentieth the strength of the corrugated web.” 

Similar spars have been made up to 10*6 in. deep with 2 in. diameter 



Fig. 13. Boulton & Paul Steel Spars 
{By courtesy of ‘‘The A&roiilane") 


flanges. These have a moment of resistance of 87-5 tons-in., an outside 
fibre stress of 70 tons/sq. in., and a weight per foot of 1-48 lb. 

This kind of spar was later simplified by Arms trong-Wliit worth so 
that it could be made from only three strips. The booms wc-re rolled 
from a single strip and the top and bottom riveting lips dispensed with. 
The spar shown in Fig. 12 is 8 in. deep and the booms are of such 
diameter that they telescope over a IJ in. tube. With booms -012 in. 
thick and a weh -010 in. thick the spar weighs -7 lb. per foot. It has a 
moment of resistance of 20 tons.-in. and a failing stress of 60 tons per 
square inch. When the booms are *030 in. thick and the web *015 in. 
thick, the weight is 1*7 lb. per foot. The spar then has a moment of 
resistance of 80 tons.-in. and a failing stress of SO tons per sq. in. 

For smaller machines, Boulton and Paul used a three-piece spar 
(Fig. 13) instead of the six-piece spar discussed above. In the smallest 
size a flat plate web was found adequate, but when deeper sections were 
needed it was necessary to stabilize the web. Flanged holes provided 
stiffness for the intermediate size, whilst the largest required corrugations. 
The similarity between these and the Armstrong- Whitworth section 
(Fig. 12) and the Hawker (Fig. 11, G) should be noticed. The spar 
used in the Avro Tutor (Fig. 47) is of the same kind, but the booms 
are elliptical in section father than circular. 

The Fairey Spar (Fig. 14) is similar in conception. Instead of a cir- 
cular boom, however, a “double lobe” section is used top and bottom. 
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This is rolled from flat in one operation, the final shape being obtained 
by passing the material through a die. High- tensile steel of *015 in. to 
•020 in. is used for the booms, whilst the flat plate web may be anything 
up to *030 in. thick. Local stiffness is attained by inserting liner pieces 
in the booms, and doubling up the web by extra side plates. Additional 
stability is given by small vertical gusset plates riveted to the web at 

Y 




Fig. 14. Fairey Steel Spar 
(By courteify of the Fairey Aviation Co., Ltd.) 

intervals of about 10 in. These are 
flanged over top and bottom to bear 
against the lobes” of the booms. 

Boulton and Paul developed 
a two-piece spar (Fig. 15) for light 
planes. It had no rivets, and the 
two strips were joined along the 
centre line, top and bottom, by in- 
terlocking joints. The shear is, of Fig. 15. Boulton & Paul 
course, a minimum here, and the Steel Spar 

roll provides additional stiffness 

against failure in compression. The smallest spar of this kind has A = 
2-2 in. B = *875 in., and the outside fibre stress at failure is 65 tons per 
square inch, the material being S88 or D.T.D. 46A. To give extra 
stability short pieces of tube are put into the centre lobe at intervals and 
secured by tubular rivets passing right through from side to side. 

The simplest spar of all is the solid drawn tube illustrated in Fig. 11 , D. 
This is made by the tube manufacturers and supplied to the aircraft 
industry in the finished condition. It is cheap, but since the web is the 
same thickness as the flange there is clearly some loss in efficiency. 
Doubling at points of high stress may be achieved by inserting lengths of 
round tube into the outer booms, securing them with tubular rivets. 
This section has been used by Fairey, Gloster, and Hawker. 

Another type of spar to which reference was made earlier was that 
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in which strength-weight efficiency was thought to be of less importance 
than a design which allowed the use of a simple type of fitting and an 
economical production in small quantities. As was stated before, a 
big production will justify a more elaborate design, since capital. may 
then be laid out in jigs and fixtures. Two examples of a simplified design 
are given in Figs. 16 and 17. 

The construction of both these spars is extremely easy, and most of 
the operations can be performed by unskilled labour. The channels 
which formed the flanges of the Viastra spar were extruded and 
supplied by the duralumin manufacturers finished to shape. They 
required ohly simple riveting to attach the web and flange doubling 
strips. The “wandering web” which was attached alternately to each 
side of the spar performed the work of both weh and diaphragms. 

The Supermarine Scapa spar consists of ribbed channel booms with 
a single corrugated web. This spar is extremely simple to construct 



Fie. 16. VicKEBs “Viastea” 
Spab 

(JBy courtesy of "The Aeroplane*’) 



FlO. 17. SlTPBBIMAIlINB 
“Scapa” Spar 
( By courtesy of "‘Flight”) 


as all the riveting is accessible frorh both sides. The section is not, 
however, stable in itself, a feature common to most of single web or 
“ dumb-beU ” form. It is stabilized by pressed diapliragms and tlie angles 
which serve to carry the ribs. 

Spars of tliis kind give weight as the price for constructional simplicity 
and though they may develop a stress of perhaps IS tons per square inch, 
they achieve stability by bulk of metal rather than by corrugations, 
and so would not be possible in steel. Duralumin is the material used. In 
a magnesium aUoy still greater bulk might be given for tlie same weight, 
thus improving the moment of inertia and consequently the stability. 

The problem of the instability of thin flat and curved plates has been 
investigated mathematically, ^ but the results do not justify their use 
in practical spar design. The question is one of extreme complexity, and 
any general formula for its solution must take into account the relation 
of each curve and flat in the cross-section of a spar to its neighbour. A 
number of empirical rules have been built up out of tlie experience of 
actual spar testing, and though mathematicians might eventuany 
provide a solution, very satisfactory results have been obtained in 
practice. 

The maximum radius of a corrugation or width of a flat depends on 
the thickness of the material, its maximum stress, and, in a corrugation, 

1 Flight (Eng. Supplement), 29th March, 1928. 
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fche angle of the arc. Flats shonldL be used sparingly, and in duralumin 
should not be wider than ten times the thickness. In high-tensile steel 
this figure may be increased to fifteen times the thickness. The corre- 
sponding ratios of radius to thickness in corrugations should not exceed 
thirty for aluminium alloy and forty-five for steel. These rules need 
applying with discretion and are subject to various limitations. Wide 
flats and large radii should always be separated by small crinkles, and 



Fig. 18 Fig. 19 


the angles between them should not approach 180 degrees. A spar web 
which was designed as shown in Pig. 18 failed at a low stress in vertical 
bending, but was greatly improved when altered to the shape given in 
Fig. 19. 

It will be noticed that the material is disposed farther away from a 
mean line 00 in Fig. 19 than in Fig. 18. The moment of inertia of the 
web about this axis was obviously greater in the second example, and, 
though the axis is not one which enters into a calculation of the I of the 
spar as a whole, yet it evidently plays a part in its stability. 

There are flats other than those designed which must be watched for. 
When drawn, a section such as Fig. 20 tends to develop a flat along the 
line yy at the point where the two radii are tangential. A method of 



38 


METAL AIRCRAFT CONSTRUCTION 

preventing this is to make the radii not tangential, as in Fig. 21. The 
break in line should, however, not be sharp, and a small radius of not 
less than the thickness of the material put in. 

A further point where instability has been found to occur is at the 
riveted flange of thin steel strip spars. Buckling between the rivets 



is extremely likely to happen when this is designed as in Fig. 22, a, but 
methods of overcoming it are shown in 6, c, and d. 

A very practical consideration enters into the design at this point. 
It was found impossible to hold up the rivets for hammering over in 
flange shown in Fig. 23 — the web crinkle was in the way of the riveting 



Fig. 22 

dolly, but when the flange was modified to Fig. 24 the difiiculty was 
removed. 

The rivet size and spacing depends on the thickness of material in the 
flange and web. ^ A certain latitude is allowable. Thus where a 16 s.w.g. 
flange is doubled up over a short length with a 14 s.w.g. cover xilate, it 




is a convenience to continue the same size and spacing of rivets tlirough 
the length of the cover plate as in the ordinary spar. 

Whilst not altering the pitch, intermediate rivets may be inserted 
if necessary. 


1 See Chapter IX, for rivet diameters appropriate to various tluoknossos. 
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Tlie width of flange is governed by the rivet size. There should 
always be a width of flange outside the rivet centre line at least equal 
to twice the rivet diameter. In steel spars where the edge is doubled 
back (Fig. 22, c) this dimension refers to the shorter and inner of the 
two flanges. A narrow width of flat must also 
be allowed on the inner side of the rivet to 
prevent the material being damaged by the SNAP" 
riveting snap. The deciding case is at the 
point in the spar where the flange is covered 
by a doubling. If the same cross centres of 
rivets are then maintained throughout the 
whole length, the jigging and tooling will be 
much simplified (see Pig. 25). 

An unusual form of wing spar was used in the 
Curtiss Kingbird, and nothing of the kind has Fig. 25 

appeared in England. Although this machine 

was a monoplane, the wing structure was fabric-covered and, in general 
lay-out, of the conventional type of constant chord and thickness. The 
spar (Fig. 26) was made Up with welding. The top and bottom flanges 




Fig. 26, Curtiss Kingbird Spars 
{By courtesy of the Curtiss Aeroplane <Ss Motor Co., Inc.) 
were oval tubes and the warren girder bracing of round tube. Small lugs 
were spot-welded above and below to take the ribs. The spar root was 
heavily stiffened with welded gussets. It would be of value to have com- 
parative weights, since a spar of this kind might be suspected of 
heaviness. There is, however, no doubt that, for small numbers, it is 
extremely cheap to produce. 
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Anotlier monoplane structure may be included in this section since 
it is of the fabric-covered type with external lift and internal drag 
bracings. It is the Russian Stal II designed by Poutiloff. The spars 
(Fig. 26a) are open girders having cor- 

f rugated flanges and built-up channel 

shear bracings. The material is stainless 
steel strip, but the novelty of the con- 
struction lies in the use of electric spot 
welding (see page 37 4 ) instead of riveting 
for making all the connections. Similar 
methods are used in the fuselage (page 

SPAR STRESSING. The methods of 
obtaming the constants (Moments of 
Inertia and Section Modulus) of a wooden 
spar are usually simple. They are given 
in any textbook of engineering or me- 
chanics. Having been found , their appli- 
cation is straightforward, since seconchiry 


Fig. 26 a. Stag II Spar 
(By courtesy of “Flight’* 


Rivet 

j=iic:cv W 



Fig. 27 
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failure is imusiial and the full strength of the material may be 
developed. In a corrugated metal spar the methods of calculating the 
constants are simple when understood, but their application is more 
difficult. Unless a considerable amoimt of test data has been accumu- 
lated, it is almost impossible to say what stress will be developed in any 
type of spar. Not only does secondary failure usually cause collapse 
before the full direct stress is developed, but, owing to the greater elas- 
ticity of the high-tensile materials, deflection is of a comparatively large 
order. The question is dealt with fully in the ‘ ‘ Design Requirements 
for Aeroplanes for the Royal Air Force,” Ah Publication 970. 

The Air Ministry ruling on developable stress is that a test must 
always be carried out, unless considerable knowledge exists regarding 
the strength of the spar form in question. 

The simplest method of estimating the moment of inertia of a metal 
strip spar is that given in the above publication, Chapter VI, para. 2. 

A quarter section of the spar is drawn out on a large scale. It is 
sufficient to indicate the centre lines of the thickness of material, as 
in Fig. 27. The section is then divided up into small elements of length 
a inches (a may be OTO in. for small spars and 0*25 in. for large spars). 
Since rivet holes on the tension side of the spar reduce the strength in 
proportion to their diameter, this small section is removed from the 
calculation. 
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Area of section = 4 x Z 
Moment of inertia = 4 x F 


The Moment of Inertia may also be found graphically with the use of a 
planimeter. Given accurate drawing, this method is both quick and 
simple. A quarter section of the spar is drawn on squared paper, the 
exact thickness of the material being indicated. The vertical ordinates 
to both inside and outside of the thickness are cubed and set up above 
the base. Curves are drawn through the points obtained. The area 
between these curves (shown shaded in Fig. 28) is read off on a 
planimeter, and the result which is obtained we may call BD®. The 

4RD3 

IMoment of Inertia of the whole section is — ^ — . 
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The diagram illustrates very clearly which part of the spar is most 
effective in resisting bending. 

A purely mathematical method of calculating the constants was 
given in the Handbook of Strength Calculations, Appendix XVI. This 
has been developed by Mr. H. J. Pollard into a quicker tabulated foim.^ 

The degree of accuracy which is. required in these estimations is not 
extremely high,^ 

SPAR TESTS, The method of carrying out spar tests is laid down 
by the Air Ministry. Since more test work of this description has been 



Fig. 29. Spa.b Testing Machine 
{Crown Copyright) 


carried out by the Royal Aircraft Establishment at h\n*nl)orough tlKin 
anywhere else in this country the methods employed l.h<‘r(i will i)t‘ 
described first.^ 

In a biplane structure the condition in one of tlie inner bays is more 

1 Flight (Eng. Supplement), 25th April, 1929, p. 338tt. 

2 In a large production, finer limits in spar sizo may bo achiovod tlian in a small 
production. The larger limits allowable in oxporimontal work togothor with :b limits 
on the thickness of material should be accounted for. If ovorsizos of all thoso dimen- 
sions occur together, a very false figure of maximum safe stiross may bo obtained. 
For economic reasons, the designer should not demand oxtromo accuracy in the 
works, unless production is on a large scale. One might Huggost that tbo alleration 
of drawings and figures is cheaper than the alteration of'dios and rolls. This suggestion 
is not made to give the works unlimited licence, but merely to acknowledge the diffi- 
culty of shaping a die to produce a given section, making allowance for “spring back*' 
in the drawn metal. 

^Journal B.Ae.AS.y July, 1931, “Mechanical Testing in Aircraft Construction/’ 
I. J. Gerard. 

Journal R.Ae.S.y September, 1932, “Mechanical Tests of Aircraft Structural 
Components,” I. J. Gerard. 
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complex than that occurring in the overhang, owing to the end load 
from the bracing. Two cases are considered and a test made to represent 
each. The first is that of maximum end load combined with the cor- 
responding bending moment, and the second that of maximum bending 
moment combined with the corresponding end load. 

A length of spar is taken which, with end fittings, is of length equal 
to the distance between points of contrafiexure as found from the bend- 
ing moment diagram. The end fittings are made to carry pins running 
in the direction of, and on, the minor axis of the section. The spar is 
set up with the major axis vertical and supports are rigged to represent 
the stabihzing effect of ribs and drag members. The end load is applied 
directly by an horizontal compression testing machine. The transverse 
load is applied at two points, one-quarter of the spar length from each 
end. The ratio between end load and transverse load is kept constant 
through successive increments. At each stage the deflection at the mid- 
length is measured. 

The stress developed in the outer fibre at failure is taken as the sum 
of— 

1. The end compressive stress, P/ A 

2. The direct bending stress, M/Z 

3. The bending stress due to end load, P 2 //Z 

where P = End load. 

A = Cross-sectional area. 

M = Bending moment due to transverse load. 

Z = Section modulus. 
y = Deflection at mid-length. 


The machine used is shown in Fig. 29. This is capable of taking 
specimens up to 100 ft. long and applying an end load up to 100 tons. 
The transverse load is yy 

applied through the crane 
in front of the test. The 
pull is taken through a 
spring balance to a lever 
system, whence it is trans- 
mitted to a steel girder 
hung under the spar. The 
links which apply the load 
to the spar are attached to 
tlie ends of the girder. 

It will be seen that this LOADlNGi DIAGRAM 



method of testing applies no 
shear to the spar between 
the loading points. Some 
metal spars, however, when 
tested under more realistic 
conditions, have shown a 
deflection in excess of that 



SHEAR DIAGRAM. 

Fig. 30 


■ which could be attributed . j j. -u 

to bending. It has been demonstrated that this excess is due to shear. 
A further test has therefore been devised in which shear is applied to the 
spar and the difference in deflection between the tests is that caused by 
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tlxe shear. ^ It is thus possible to establish the “Shear Constant r” such 
that 

where S is the shear 

_ = - r/S shear deflection. 


The spar is first tested as for the first method but without the end 
load, and the deflection, at C measured over a length AB (Fig. 30), 
for increments in value of W . 

The ratio Wjy^ may be found by plotting the results. 


Then El ~ 


aL^ W 
16 * 2/5 


Having established El in the above case, that is, without shear, the 


second test should be made. 



W is now applied as a 
point load at the mid 
length. Shear forces there- 
fore act. 

The deflection, y, ot C 
(Fig. 31) is measured over 
the length AB for incre- 
ments of W and the results 
plotted. The ratio yjW is 
thus established. 

Then y^ (shear deflection) 

= 2/ ~ 2 / 1 , 

VTF 4SA'// 


She;^R diagram and r (shear constant) 

Fic. 31 ^ 

X 48X1/ 


To check the result, take readings at another point, Z), situated at Lji 
from A. If the deflection at D is denoted by then 

n 11 ■Z'" 

^ *TF"96Fjr 

The value of El used in this is, of course, the one found in the previous 
test. Any errors in the estimation of I are thus eliminated together with 
variations in both E and Z. The result therefore represents the true 
spar. 

The shear constant, r, thus foimd is used in the extended form of the 
'"Three Moments Theorem, which includes Shear Deflection. 

Major Wylie has suggested a modification of the above method* 
whereby the crippling stress of the spar, El, and the value of r may all 
be established from one test piece. 

The length of the test piece might be taken at sixteen times the spar 
depth. The ends are reinforced to make them capable of withstanding 
end loads without local failure. The load is applied at fittings spaced at 

1 “Design Requirements fof Aeroplanes for the Royal Air Force/’ A.P, 970. 

* Journal R.Ae.S,, September, 1932, p. 691, 
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the same pitch as the ribs, but in order that the full shear load may be 
reached in such a short specimen each load would have to be bigger 
than that normally applied by the ribs. 

The transverse load is in the first place balanced by an offset end 
thrust such that the bending moment at the centre is equal to that at 
the ends. The shear deflection is then zero and El may easily be cal- 
culated. 

The transverse load is then made such that the bending moment 
deflection, under the influence of the offset end load, is zero. The actual 
deflection occurring is thus entirely due to shear. The shear constant, r, 
is directly calculable. These cases are carried up to a stress of about 
80 per cent of the maximum safe stress. 

The third case is taken in which sufficient transverse load is applied 
to show that the shear strength is adequate. The bending stress is 
kept down to safety by applying appropriate end moments. 

In the final test, the end thrust is applied on the neutral axis in 
increments with the transverse load until failm'e occurs. The value of 
r is used to calculate El up to the failing stress. 

Major Wylie emphasized the importance of reproducing realistically 
the actual conditions of the structure by quoting a test on a long length 
of corrugated strip spar in which the transverse load was applied in the 
conventional way thi'ough one or two improvised fittings. The shear 
deflection was found to be 15 per cent of that due to bending. In the 
actual machine, however, the rib attachments were such that the 
application of load tended to deepen the spar and thus increase the 
value of Elf whereas in the conventional test the spar tends to spread 
sideways and the value of El to become less. When the true conditions 
were reproduced on test, the shear deflection was found to be a negative 
quantity. 

If the test is being carried out to show that a particular spar is strong 
enough, rather than to establish the constants of the section, the method 
illustrated in Fig. 32 may be used. 

In this test, made by Messrs. Short Bros. Ltd., a whole spar, including 
end fittings was rigged up. The load was applied at close intervals 
representing the rib spacing. Very small weights were required with 
the ingenious but simple system of levers. The overhang, of course, 
has no end load, but the compression on the inner bay is applied auto- 
matically by the inclined tie. 

The final test to which this leads is one in which the whole wing 
structure is rigged upside down and loaded with shot bags. In this way 
the transference of load from one spar to the other through the ribs and 
drag struts is taken into account and the torsional deflection of the 
plane measured. The strength of the detail fittings and their attach- 
ments is, also proved. 

There are, however, two factors which can only be given in actual 
flight tests. One is the time factor which is introduced when the load 
is suddenly applied and may as suddenly be released. Vibration and 
consequent fatigue may have effect which can never be satisfactorily 
reproduced in the laboratory. 

Nevertheless the special methods of mechanical testing which have 
been built up by the Royal Aircraft Establishment and the private 
firms stiU form the essential link between theory and practice. 

FLANGE BO UB LINOS, Since the loading in a spar varies along its 
length, it is obvious that the theoretically efficient spar is one in which 
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the material is so disposed that an equal stress is developed at all points. 
Such an ideal cannot be efficiently attained. But it does not follow that 
the whole length of spar should be designed for the point of heaviest 
loading. A compromise must be made. The spar proper is made suit- 
able for a light loading, and doubling plates, as already illustrated in the 
Short spar (Fig. 8), are added to the flanges to increase the moment of 
resistance over the lengths of heavier loading. 


OUTER flange DOUBLINGS 
(BOTH FLANGES) \ 



Fig. 33 


The simplest example is that of a cantilever spar or overhung end, 
(See Fig. 33.) 

The moment of resistance of the spar proper is calculated and super- 
imposed as an horizontal line AR on the bending moment curve. It 
will be seen how much this falls short of taking the peak load (indicated 
in Fig. 33 by the dotted portion of the curve). Suitable thiclaiesses of 
doubling plates are decided on. It may be necessary to use two or more 
over the worst length. The moments of resistance of the spar with first 
one and then both of the doublings are estimated ^ and added to the 
diagram as horizontal lines CD and EF, The doublings may end at the 
points X and F, but it is well to carry them on for an inch or so. The 

1 If the characteristics of the spar are not very familiar, these calculations should 
be backed up by tests since the maximum developable stress of the material ia not 
necessarily the same as in the spar proper. 
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position of the donbling may then be given a wider tolerance to cover 
variations in the positions of rivets along the riveting lips. Unless the 
jigging is elaborate, it is difficult to guarantee that the rivet spacing and 
positions wiU be exactly the same in a series of spars. Violent changes in 
section must be avoided in any engineering structure. The doubling, 
therefore, should be chamfered off at some convenient angle not greater 
than, say, 45 degrees beyond the length already decided. 

A lighter spar could be made by stepping the material up a smaller 
amount at each of more frequent intervals. Doubling plates, however, 
are a trouble in the works, and it is better, therefore, to be satisfied 
with slightly less efficiency in this respect. The hatched portion of the 
diagram indicates the amount sacrificed on this score. It is sometimes 
an advantage to put a doubling plate on one flange only — the com- 
pression side — ^thus raising the neutral axis and giving a more economi- 
cal method of increasing the modulus. 

Having thus catered for the bending moment, the direct shear stress 
must he considered. It will probably be found that there is already 



Fig. 34. Tapering Spars 
A, Handley-Page. /i, Blackburn 

(A bp courtesy of ^^Flight”) (B by courtesy of “ The Aeroplane ”] 


sufficient material to take it. If not, or if the deflection is excessive, 
then the usual method is to add web doublings and reduce the pitch of 
rivets in the lip. The treatment is exactly similar to that for the flange \ 
doublings, and the ends must be cut back to avoid a sudden change of / 
section (see Fig. 33). It is usual also to use a web doubling to take the 
strut or other fittings whereby this shear stress is transmitted to the 
spar. The point will be considered later under fitting and joint design. 

The horizontal shear is taken from flanges to webs through the rivets. 
Though the spacing required may be calculated, it will probably be 
found that the riveting table given in Chap. IX will cover the case. 
Any weakness will at once he shown up in the test and is easily corrected. 

Splices. It is frequently necessary to make a break in the flanges 
or webs due to a change of thickness or restriction in tlie length of 
material. If it is possible, this should be arranged at <i point of contra- 
flexure where there is only end load to transmit. Such a break must be 
covered with a doubling. Tlie obvious method of taking the compression 
is through a butt. Since this implies a perfectly fitted surface in each of 
the ends it is likely to be expensive. A definite gap should be allowed 
between the two ends and the entire load taken tluough the doubling, 
The material must be of sufficient area to take the compressive stress 
and the rivets of sufficient number to take the load in shear and bearing 
on each side of the joint.^ 

1 A table of rivet shear and bearing strengths will be found in Oliapter IX. 
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Reference has already been made on p. 35 to the use of short lengths 
of tube as doublings in sxich spars as the Hawker, illustrated in Fig. 11. 
They may be similarly used in splices. The principle is the same in 
each case, but the most suitable method of attachment is perhaps by 
tubular or “pop” rivets. 

SPAR TIPS. The tapering of spars throughout their length will be 
dealt with in special forms of constructions later. In the conventional 



Fig. 35. Avro Tutor Wing Tip 
{By courtesy of “ T/ie Aeroplane") 


types of biplane structures with parallel spars it is usual to taper the 
wing tip. The spar must consequently be tapered over a short length 
at the end. As there is no end load here and the bending moment fades 
out to nothing, a considerable saving of weight may be achieved in the 
tip. 

In spars such as the Armstrong-Whitworth, Boulton & Paul, and 
Hawker steel strip spars in Pigs. 11, 12, and 13, and the Vickers Viastra 



Fig. 36. Boulton & Paul Spar Tip 
{By courtesy of" The Aeroplane") 


spar (Fig. 16), no special difficulties present themselves. Fig. 34 illus- 
trates methods used by different manufacturers of corrugated spars. 
They are both straightforward. In addition to the small bending and 
shear loads, there are likely to be handling stresses which cannot be 
dealt with in calculations. 

Where spars of ‘‘ dumb-bell ” section are used the taper may be made as 
shown in Fig. 35. In the Avro Tutor the whole wing tip is made up in 
one piece, by welding. Tubes are inserted in the ends of the top and 
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be cheap in production and simple to replace, though hard-wearing. 
A multiplicity of similar pieces made by an easy repetition process 
may appeal, but should be weighed against the cost of putting those 
parts together when more complicated ones, fewer in number, might 
be used. 

SPAR JOINTS TO FUSELAGE, A few joints from existing ma- 
chines will be taken and analysed in detail. A very simple example is 
that of the Short Mussel, a low'-- wing float monoplane. Pig, 37 indicates 
the position and form of Die joint. 

The loads are self-evident. There is no bending moment in the spar 
at the pin, though the fuselage stub is in bending. Tensile and com- 
pressive end loads are imposed by the strut to the top of the fuselage, 
and there is shear in the vertical direction. Drag imposes tension and 
shear horizontally. 

The gimbal mounting is used to facilitate erection and to ensure that 
there is no fixing moment. The gimbal itself is machined from solid 



Fuselage side Spar side 

Fic;. 38. fcJpAU Joint 

{By courtesy of ** Flight**) 


steel, but might be made in duralumin if the loads are small. The side 
plates which carry it are very w^ell attached to the spar. Being secured 
in the riveting flanges, they distribute the load evenly. To prevent 
secondary failure, two channels are put in across the line of the spar, 
acting as distance pieces. 

A more complicated joint is shown in Pig. 38 and is taken from 
Armstrong- Whitworth practice. The machine is a wire braced biplane, 
and an extra member, the lift wire, is introduced into the problem. 
The lug for holding this wire is on the fuselage side of the joint, where 
it has no offset. The vertical component of its load passes straight up 
the fuselage strut. Great attention has evidently been paid to attaining 
stiffness in the spar root. Tlie tubular booms have been doubled up 
with thick inserts. The direct end load, taken by the machined socket, 
is transmitted and spread by the thick side plates, which are, moreover, 
flanged at the edges to strengthen them sideways. Owing to the direc- 
tion of the main joint pin, the end is partially fixed against the horizontal 
bending moment imposed by the drag load. Pig. 39 shows this spar end 
from the opposite side with drag strut and bracing, etc. 

When folding wings are fitted, the lift and anti-lift wires are not taken 
across to the fuselage side of the joint, and the connection must be stiff 
enough to carry the vertical components in bending across the hinge. 
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Owing to the initial tension in the wires, which would cause distortion 
a jury strut must be put across the gap between top and bottom front 
spars before folding. This strut is usually a light telescopic member 
with a quick release at its lower end so that it hinges up out of the way 
when the machine is in flying trim. 



Fig. 39. Armstrong- Fig. 40. BLAOKiuriiN '‘Bluisuird” 

Whitworth Spar Joint Wing Hoot 

{By courtesy of “The Aeroplane”) 

Fig. 40 shows the inner end of the starboard upper main plane of a 
Blackburn Bluebird. The spars are of the kind illustrated in Fig. 11. 
The vertical hinge bolt will be noticed at the rear spar, and tlie liorizontal 
draw bolt with its guides at the front spar. 

The root end of a spar of the Fairey type is shown in Fig. 41. The 



Fig. 41. Fairey Spar Root 
{By courtesy of the Fairey Aviatmi Co., Ltd.) 


top and bottom booms are plugged for a short distance with light alloy 
blocks cast to shape. The web has an extra stiffening piece let in and 
light box fittings provide vertical stability. Bearing loads of the two 
root attachment pins are taken by side plates of nickel steel which are 
riveted to the spar through the top and bottom booms. The root drag 
strut and drag bracing are led to a point on the spar centre line .where 
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they pick up on an eyebolt which passes through the assembly of spar 
web, stabilizing boxes and side plates. 

In all the joints discussed the highly stressed fittings themselves have 
been of steel, whatever the material of the spars. The spar end, to 
which the joint fitting is mounted, must be adequately strong and stiff 
to take the load. The Handley-Page spar end (Pig. 42) is a case in point, 
and is here illustrated without the fitting. A thick duralumin doubling 
is inserted and riveted to both flanges and webs by sufficient rivets in 
both shear and bearing to transmit ^the end load to the spar. The 
fitting attaching bolts (not shown) pass through the flat sides of this 
doubling, which is itself doubled up by the small square plates to give 
adequate bearing for these bolts. That portion of the load which is 
taken by these small bearing plates is transmitted to the main doubling 
by the twelve counter- 
sunk headed rivets each 
side. Additional transverse 
stiffness is attained by the 
horizontal channel distance 
pieces. 

STRUT AND BRAC- 
ING JOINTS. We now 
come to a consideration of 
the remaining joints on the 
wing and their design in 
relation to the spar. The 
most complicated case is 
that in which both external 
and internal bracings meet 
at a point. The members 
may consist, in an exter- 
nally braced biplane, of lift and anti-lift wires with an inter- 
plane strut, and di’ag and anti-drag wires with a drag strut, as well as 
an incidence wii*e. Such an arrangement is shown diagrammatically 
in Pig. 43. The joint is on a lower front spar, port side. The centre lines 
of all the members are produced (dotted) to meet at a point on the spar 
centre line. An actual joint of Boulton & Paul design, embodying these 
members in the same order, is illustrated in Pig. 44. The lugs for the 
lift and anti-lift wires are clearly visible, being double, one on each side 
of the spar, the wire in each case being fastened by a standard fork end 
to a shackle which bridges the gap between the lugs. The lugs for the 
drag and anti-drag wires are also seen clearly. These are each single, 
the wii*es being attached directly by fork ends. The drag strut (not 
shown) comes into the vertical channel on the spar side, and the inter- 
plane strut into the bridge piece across the top of the spar, its bolt 
passing through in ii fore and aft direction. The incidence wire may be 
attached either to a lug un der the head of this bolt or the bolt may have 
a machined eye head. 

Various other points will be noticed on a close examination of the 
drawing. The spar web has been stiffened locally by a doubling plate, 
riveted to the web during the spar construction. This doubling serves 
ta-take some of the bearing load of the main attachment bolts from the 
thin strip steel web and distributes it over a greater length. 

Only the horizontal components of the lift and anti-lift wire loads 
pass into the spar as end load, the vertical component going into the 



Pia. 42. Handley-Lage Spab Root 
(Bi/ courtesy of ** Flight”) 
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interplane strut by way of the bridge piece. Similarly with the drag 
wires; the longitudinal component being met by the drag strut itself 
through the vertical channel and only the lateral component reaching 
the spar. In the case of the incidence wire, the bridge piece must carry 
the load. 

The wiring lugs and strut attachments must each be designed to 
take the maximum loads occurring in their respective members. It is 
frequently the practice to exceed this in the case of wiring lugs. For 
example, if the load were found to be 12,000 lb., one would choose a 



Fig. 43 


in. B.S.F. streamline wire or swaged rod to cater lor it as being the 
nearest standard size. This wire has a breaking strength of 13,800 lb., 
and the lug would be designed for that load, not for the 12,000 lb. 
actually occurring. There is reason in this lavish treatment, since it 
may be possible in rigging the machine to put a high initial stress in the 
wire. But though each attachment should be designed up to the 
maximum load in the member, the joint as a whole need not be strong 
enough to take all those worst cases occurring together. The lift and 
anti-lift wires are not in action at the same time, nor are the drag and 
anti-drag wires. The incidence bracing, being put in as a “second 
path ” in case o f breakage of the lift wire, should not be considered as 
acting in combination with it unless the structure is being stressed by 
the Principle of Least Work. For example, the worst case* for the 
joint as a whole may be when the maximum load is reached in the lift 
wire combined with the load (not necessarily the maximum), which is 
at that time imposed on the anti-drag wire. Turning again to the joint 
in question (Fig. 44), it will be seen that the lift wire load is split into 
the double lugs, half passing down each side of the spar. In this case it 
would be the horizontal component of the half lift load on the rear face 
which would be combined with the anti-drag wire load. These questions 
can be decided only from a detailed consideration of the particular 
design. 

A final point to be considered in such a joint as this is that of offsets. 
The diagram (Fig. 43) shows the lines of action of the various memberf 
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all meeting at a point and thus producing an evenly loaded node. When 
for some constructional reason it is necessary to offset one of the mem- 
bers so that its line of action does not pass through the co mm on point 
of the others, a bending moment or torsion will be introduced which 
may cause a big increase in the stresses. Before allowing any such 
offset, its effect should be very carefully considered. Although the 
joint as a whole may be balanced and without offsets, the local loads 
must be catered for. Taking as an instance the anti-drag wire lug, one 
sees that this exerts a local bending in the near side of the vertical 



Fig. 44. Bottlton and Paul Spar Joint 
{By courtesy of**The Aeroplane**) 


channel against which it beds, and that much depends on the transverse 
stiffness of the spar, of the drag strut, and of this channel. 

The Boulton & Paul joint is built up from high-tensile steel plates 
riveted together. This accounts for the doubling up of the pin holes 
in the drag and anti-drag wire lugs in order that there shall be sufficient 
bearing area on the pins which are of a weaker material. 

The method employed in the Fairey type spar for attaching the '‘N’’ 
interplane struts is shown in Pig. 45. The spar itself is stiffened locally 
by doubling the web plates in the area of the joint, while a rectangular 
stabilizing box is riveted to the front and the back between the top and 
bottom flanges. The stabilizing boxes are flush witti the width of the 
flanges, forming a flat base to which the main saddle fitting can be 
bolted. The saddle fitting wraps over the spar and has welded to it the 
lugs for the attachment of the interplane struts. Wiring plates for the 
main plane landing wires are attached to the centre of the joint assembly 
by a large diameter hollow bolt which passes through the spar web and 
the stabilizer boxes. 

The interplane strut joint on the Fairey tubular spar is also shown 
(Fig. 46). This is a simple saddle fitting which fits round and is bolted 
to the spar, the latter being stiffened locally by tubular liner pieces. 
Distance pieces are used on the bolts whose heads and nuts are shoul- 
dered into the spar, providing a large bearing area for the interplane 
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wiring plates which form part of the saddle fitting. The lug for the 
interplane strut and incidence bracing is welded to the top or bottom 
of the saddle depending on whether it is an upper or lower plane fitting. 
The drag strut beds into a socket, which is welded to a plate. This plate 
picks up the bolts securing the main saddle fitting. 

RIBS. Rib construction in wood followed two types, that in which 
a hght girder was built up to the wing contour from thin strips of spruce 
and that in which the contour was fretted out of a sheet of three-ply 



(By courte.^ of the Fairey Aviation Co., Ltd,) 

suitably lightened with holes. The first was the more popular, being 
fighter, and the use of the second was principally confined to ply- 
covered wings. The conventional metal wing has not departed radically 
from the experience gained with Wood, and two corresponding types of 
metal ribs have been developed. The first of these is built up from small 
diameter tubes solid drawn or in strip or from cliannels or some similar 
section. The second is pressed or stamped from a sheet of metal. 
Aluminium or aluminium alloy is always used for the second, since sheet 
steel would be too thin to be stable for a given weight. The built-up 
girder type of metal rib may be in either steel or light alloy. 

Metal, however, was found to give difficulties which were not present 
in wmoden ribs. Owing to the thin gauges imposed by considerations 
of weight, the bearing strength at the ends of the cross bi'acings was 
found to be small. It was impossible to reproduce the large glued sur- 
faces and multiplicity of brads which hold the wood together. Vibra- 
tion, which, had created no complications earlier, now caused sui'prising 
failures. The difficulties were largely overcome, and a new technique 
developed. Some manufacturers held to the channel type rib, others 
to the tubular, whilst some used pressings from sheet. ' All have their 
special advantages, hut all seem to be equally satisfactory in service. 

The stress calculations present no difficulties if the rib be regardec 
as a pin-jointed structure loaded at each joint. The loads vary according 
to the wing sections and the two cases of Centre of Pressure Forward 

4^ 
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{By courtesy of “The Aeroplane") 

load to the nose and tip of the rib. This load is dealt with later on p. /I. 
But, as is the case of a spar, the calculations must be backed up by 
full size tests, unless the rib be one of a family whose characteristics are 
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weU Buderstood. These tests are of two kinds, both of which must be 

irstetiS^The rib is attached to stub lengths f ^Par and 
. nrst .. the full factored load, whether it be 

O^PE^ot C^PB., multiplied by the additional load factor of 1-2. If 

and the point 00 ^^^ foun^^ These failures will 

fndicate where totL^^onsideration should be given to the design. 

S v2Xn test is more complicated and the requirements are 
, LIm Tv the Air Ministry according to the type of aircraft on 
^hich the r^b is to be used. The general scheme is that the rib is set 



Fig. 48. Curtiss Ribs 
{By cowiesy of the Curtiss Aeroplane & Motor Co., Inc.) 

un as in the static test, but, instead of loading it up at every joint 

utT^i£neoiSy by an eccentric mounted on a rapidly revolving 
S^Se^TS tesHf extremely severe, though possibly not mom so 
n? fr^ TOViioh rib near a wing engine mounting is subject in 

actual service. There is often some difficulty in catering lor both static 
a?d vibration tests, the one perhaps suggesting one modification and 
the other something diametrically opposite. The results are often 
disconcerting, and it is impossible to geneiahjze. Every design of rib 
nresents its own problems and must be handled ajccordingly. 

^ T tte conventional paraUel wing it is desirable from a production 
T TeTt^t all ribs be identical. This kind of wing is usually 
tied internaUy with drag and anti-drag wires, and the rib spacing mus 
be such that these wires clear the cross bracing of the 11b at every 
oLition. Hence the detail design and the spacing are dependent , on 
one another and must be considered together. It is not sufficient tc 
design the rib away from its wing, and hope that it will miss the drag 
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vvires in any position. To open out or close up tlie spacing in order to 
clear varies the rib loading. 

The use of pressings in rib construction has many advantages. The 



Fio. 49 . Abmsthon-g -Whitworth Rib 
{By courtesy oj ** Flight") 



Fia. 50 . Glosteb Rib 
{By courtesy oj '‘‘Flight") 


labour charges are much less, and there are no weak spots due to rivet 
joints where fatigue from vibration may cause sudden failure. The most 
obvious disadvantage of the pressing lies in the initial cost of plant and 
the rather elaborate dies which are necessary. There is also a consider- 
able wastage of material in the holes, which are cut out for lightness. 
The pressed rib is particularly suitable for the plane of constant section 
where, in large production, the total number of identical ribs may 
justify the initial outlay. 

3~-(A.9003) 
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Tlie pressed rib of the Avro Ttdor is illustrated in Pig. 47. 

Triangular li ght, uiug holes with flanged edges are stamped out between 
the spars in such a way as to give a warren girder form. The diagonal 
slats, thus left, are further stiffened with a shallow corrugation. The 
rib is attached to each spar by four swinging toggles, two small clamping 
blocks and a metal thread through the spar web. The leading edge of the 
Tutor main plane is a round tube, along the front edge of which runs a 
gmah corrugation. The ribs are attached to this leading edge tube by 
Tnaana of Split pius, as showu. Small tubular- stringers, from rib to 
rib, serve as stabilizers. Where a heavy compression rib is required, 
it is up from two standard ribs with capping strips, top and 



Fig. 51 . Boulton" & Faul Rib Constiuic'iton 


(i??/ courtesy of*"The Aerovlane*') 


bottom. The material of the Tutor ribs is aluminium strip to B.S. 
specification, L.4. 

A similar rib is used in America by the Curtiss Comiiany on a wide 
range of their machines. Typical ribs from the Curtiss 'Thrush are 
shown in Fig. 48. Separate pressings are made for the normal complete 
rib, short rib in front of the aileron, and nose riblets, etc. The material 
in this case is Alclad. In Czecho-SlovaMa, the Letov Co. developed an 
almost identical rib for their military biplanes. 

The rih developed in steel by Armstrong- Whit worth is shown in 
Fig. 49, together with the toggle attachment to the spar, llie toggle 
was sprung in and chocked up against the spar after the rib liad been 
held up in position. The square drawn tubes of this rib were all made 
from strip steel on a draw bench. 

The Gloster (Steel Wing Co.) steel rib (Fig. 50) is very simple to 
make and erect. The sections used are all draw bench work with a 
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small number of pressings afc joints. It is adaptable to production and 
easy to erect. 

Another type of strip rib is indicated in Fig. 51, and was developed by 
Boulton & Paul. The booms were drawn into the form of a T-section 
with beaded edges. Between the spars, the bracing consisted of small 
diameter locked joint tubing made from strip. This was similar to that 
shown in Fig. 244, but on a smaller scale, of course. It was flattened 
down at the ends and inserted between the double webs of the rib flange. 

The material of this rib was stainless steel strip, Specification 
D.T.D. 158. Electric spot welding was used for making all the joints, 
and to protect tlie actual material of the rib itself, each connection 
was covered with a small strip or doubling. 

Appropriate methods of attaching the ribs 
to dift'erent spar sections are also shown. On 
the Mailplane the ribs were of duralumin, 
but made in similar sections. Electric spot 
welding was not yet adaptable to this material 
and riveting was used. 

The rib construction of the Pairey Fox 
consisted of duralmnin booms, warren-braced 52 

with pressings. (Fig. 52.) The boom w^ of ^ 

a “double-lobe section drawn from strip, Aviation Co., Ltd.) 

and similar to the spar fiange previously 

described. The bracing pieces were pressed from duralumin sheet to a 
trough section. The ends were flattened where they were riveted to the 
booms. The boom riveting lips were cut away at the spars and aluminium 
strips were attached inside the booms as stiffening. The rib was fixed to 
the spars by small plates linking the adjacent web strips to the spar 
stabilizing plates. (See Fig. 14.) 



Fig. 53. Faieey Pbessed Rib 
{By courtesy of the Fairey Aviation Co., Ltd.) 


Another type of Fairey rib, used on the IIIF, Gordon & Seal machines, 
is shown in Fig. 53. The booms were of the “double-lobe” section 
described above, but the web was pressed from 
flat duralumin sheet. This fitted right into the 
full depth of the booms and was secured by 
small aluminium eyelets spaced 2 in. apart. 

At intervals of about 4 in. the web had ver- 
tical stiffening flutes, in between which were 
large flanged lightening holes. The rib had 
a flanged stiffening plate at the front spar 
positions where it was secured by a strap clip 
passing right round the spar. The absence of 

a tail to the rib was due to there being trailing {By courtesy of ^‘Flight") 

edge flaps on these machines. The rib ended 
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at the rear spar round which it was clipped. The top and bottom booms 
were flattened and bent round the leading edge tube to which they were 
secured by a hollow rivet. 

A completely tubular rib in duralumin made by Vickers at one time 
is illustrated in Fig. 54. The tubes are all solid drawn, and supplied 
by the tube manufacturers, requiring only to be cut to length in the 
aircraft factory. The small clip fastenings between the bracings and 
booms are standard pressings made from sheet in one operation, and 
sohd snap head duralumin rivets are used. The metal covering shown 
in this sketch is fitted at such positions as engine walk-ways. Fabric 



/\ / 
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Fig. 55. Bottom Centre Section Rib “Stranraer” 

{By courtesy of Supermarine Aviation Worhs^ Ltd.) 

covering is used elsewhere. The same type of rib is also used by other 
firms, and one from the Supermarine Stranraer flying boat is shown 
in Fig. 55. 

That portion of a wing which has most effect on its lift is the nose 



Fig. 56 

{By courtesy of *'FlighV*) 


between the leading edge and the front spar. The air loading is heaviest 
here on the upper surface, and, moreover, the steep curvature is liable 
to cause too much sagging of the fabric and consequently a great 
departure from the nominal section. It is, therefore, usual to fit riblets 
in front and on top of the spar. These may be of the same construction 
as the full ribs and are spaced intermediately. In the slipstream a 
greater number of these nose ribs are required, and where one only is 
necessary between each full rib in the outer section, two are required 
behind the airscrew. 


coktour drag rib 



64 


METAL AIBCRAFT 

A complete portion of a main plane is given in Fig. 56. Many of the 
points in this chapter are here illustrated, including the use of nose 
ribs and the clearance of the main rib bracings by the drag and autt 

^I^SPACINO, Rib spacings vary considerably according to the 
size and type of the main planes on which they are used. The total rib 
weight may be made less with a wide spacing, but as the fabric sags 
between the ribs the wing section would be seriously affected. Ex- 
perience has shown the best compromse to be a spacing of from 12 to 
16 in., the bigger spacings being suitable for a total span of 75 ft. or 
more. This spacing should be reduced by a third on the lower main 
planes of flying boats and seaplanes. ..x 

The question of rib design and spacing is bound up with the design 
of the planes as a whole, and in particular with the type of drag member. 
Two kinds of drag members are in general use, the first of which is 
purely a compression strut, and the second combining a strut in a girder 
which conforms to the wing section and acts also as a rib. Of these the 



Fig. 69 


pure compression strut is usually lighter and cheaper whether it be a 
simple tube, two tubes, or a built-up parallel girder. Yet if the complete 
wing design is considered it may be found more economical to use a 
combined rib and drag strut. An example will make this point clear. 

Fig. 57 represents a bay of the main plane of a large aircraft. In this 
case tubular steel drag struts were chosen. These, complete with end 
fittings, weighed 5 lb. each, whilst the ribs weighed 1 J lb. each. The 
weight of ribs and struts between the strut centre lines (i.e. half the 
weight of each strut being included) was 12J lb. 

Fig. 68 shows the corresponding bay fitted with contour struts. 
These made in duralumin weighed 6 lb. each. But only five inter- 
mediate ribs were necessary in this arrangement, giving a total weight 
of ribs and struts between centre lines of 12 J lb. 

There were twelve such bays in the whole wing structure, and the 
difference in weight thus amounted to 3 lb. in favour of the type which 
had the heavier drag strut. And although the contour struts were not 
only heavier but more expensive in themselves than the tubular struts, 
the saving in cost of the twelve ordinary ribs which were cut out 
balanced the account. 

Whilst this example may not be true of all designs, it represents an 
investigation which is worth carrying out. As has already been pointed 
out on p. 58, the rib spacing will be affected by the drag and anti-drag 
wires, which must pass through without fouling any of the rib bracing. 
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Ifc may be necessary to use a second type of rib witii a different arrange- 
ment of bracing. 

BBAG struts. One important aspect of drag strut design has 
been discussed and the two kinds of strut indicated — the pure compres- 
sion member and tlie contour strut. 

The load in the mem- 
ber being known, its 
design is simple. If a 
straight, round tube is 
used, its size may be 
worked out from the 
curves in the Handbook 
of Aeronautics^ Vol. I. 

There is little benefit in 
weight to be had from 
using high-grade steel or 
light alloys for this type 
of member. Steel tube 
to B.S. Specification .Fio. 60. Welded End of Drag Strut 
T45 is recommended, 

particularly if the end fitting is welded. Weight may be cut down if the 
tube ends are tapered. Tlie tube manufacturers will supply the tube 
reduced either in diameter or in thickness at the ends. They are, how- 
ever, very expensive. Such tubes are shown in Fig. 59, or the tapering 

may be done in the aircraft factory 
by some such method as splitting 
the end, cutting out a V and closing 
up with welding (Fig. 60). 

The joint of drag strut to a spar 
of double-lobe section such as the 
Fairey is done in the manner shown 
in Fig. 61. The stabilizing plates 
each side of the spar are of open U- 
shape, and are riveted to the top 
and bottom boom webs. The spar 
web is strengthened with an inser- 
ted plate, and the drag strut passes 
right through this assembly, being 
bolted through the sides of eacli 
TJ-plate. The in-plane securing bolt 
also carries the wiring lugs for the 
drag bracing. 

Torsion is induced in the main 
spars by an overhung aileron hinge 
or an offset incidence wire. The 
I’lG. 61. Fairey Drag vStrut Joint spar stiffness will counteract this 
(By courtesy of the Fairey Aviation Co., Ltd.) torsion to some extent, but the drag 

strut which usually comes opposite 
the hinge or wire may be made strong enough to take the load all in 
bending. It will obviously have the effect of reducing the compression 
on one side of the neutrai axis of the strut and of increasing it on the 
other. For this reason, a double drag member is frequently used, in 
conjunction with double drag bracing. The Air Ministry rules that 
each wire and strut must be capable of taking two-thirds of the load 
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which the single member would carry. A double strut arrangement is 
shown in Fig. 62. 

An unusual method has been used by Armstrong- Wliitworth in which 
a single tube is offset above or below the centre line of the spars. 
The torsion of the spar and the additional loading caused in one flange 
by the drag wire tension must be the subject of detail investigation. A 
joint and strut of this kind is seen in Fig. 63. 

Another type of straight compression member, which is frequently 
used, is built up of drawn duralumin strip, and is similar in construction 
to the spars. Compression members of this kind are obviously weaker 



Fig. 62. Double Dea.g Stiuit 


about the vertical axis than about the horizontal. It is therefore usual 
to run stringers laterally along the wing to reduce the effective strut 
length about the vertical axis. These stringers, which may be either 
struts or ties, must be anchored back to the spars. 

The greater strength of the member about its horizontal axis helps 
to counteract spar torsion and contributes very largely to the wing 
stiffness. 

The contour strut is extremely popular, doubtless for the arguments 
already given in its favour. Two of the actual examples which are 
available are shown in Fig. 64. The stressing may ho done by simple 
graphical methods. The external forces are the compressive end load 

which is applied to the booms in 
proportion to their distance from 
the di‘ag bracing centre line, and 
the air load applied to each node as 
in an ordinary rib. The latter will 
probably be small in proportion to 
the end load, hut shoiild always be 
included. 

Channels are usually used to build 
up such compression ribs, and they 
are corrugated for stiffness. Pos- 
sible sections are slunvn in Fig. 65. 
The depth of flange is governed by 
the width of material necessary to 
accommodate the rivets of the cross 
bracing. 

Members of this kind should be 
given a full scale test so that data 
may be obtained to back up the cal- 
culations, and to discover the maxi- 
, „ developed. Very interesting results 

were obtained some years ago when a test of this kind was carried out 
on a contour rib strut built up of channels to a wing section with a 



Fig. 63 

Abmstrong Whitworth Drag 
Strut Joint 
{By courtesy of 

mum stress which is actually being 
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concave undersurface. The strut, which is shown, diagrammatically in 
Pig. 66, was designed to take an end load of 4,500 lb. applied in the line 



A B 



Fig. 64. Contour Drag Struts 
A and B, Haiidley-Page ; C, Boulton & Paul 
{A atid B by courtesy of 'Flight’') (C by courtesy of "The Aeroplane") 

of the drag bracing. The specimen was loaded up and no failure was 
apparent when the maximum required figure was reached. The test 



Fig, 05 


,STRINGER 



Pig. 66 


was, however, continued in order that it might be found how much 
over strength the member had been. At 4,600 lb. buckling of the 



metal aibcb aft constbuotion 


channel sides occurred at the point marked A. This was to be expected 
since the eccentricity of the strut as a whole is considerable and the 
load here higher than elsewhere in the boom. Had the undersurface 
been crnv^xtLad of concave, it is likely that the faUure would have 
Len much delayed, the material being disposed further from the centre 
line. The newer bi-convex wing sections are helpful to the construe- 

tional designer in this way. i • , 

After chocking up the affected part, the test was continued and 
faiSSe next oclrre'^i at point B when the load reached 4,7601b. 
Though the load here is less, the material being further from the centre 




Fig. 67. Blaokbubn “BntJEBmD” Aileron 
(By courtesy of "The Aeroplane") 


line, the camber of the top surface was sufficient to make each short 
piece of the upper boom into a bent strut eccentrically loaded. 

AILERONS. The method of construction used in the main planes 
proper is usually continued in the ailerons. This is as it should be, for 
the problem is the same, and if, for instance, duralumin strip has been 
decided on for the one, it is obviously the material for the other. 

The principal member in normal aileron design is the spar. Since 
this is not only subjected to bending and shear loads, but also to torsion, 
a tube is particularly suitable. The torsion applied to it by the operating 
lever is resisted by the air load on the surface, which is carried back 
through the ribs. The attachment of the ribs, therefore, must be stout, 
and not just locations such as are sometimes used at tlie main plane 

spars. . 

A typical aileron, that of the Blackburn EliiehM, is shown m lUg. 
67, and it illustrates many of the principal points in aileron design. 
The spar is a tube, but since the surface is balanced, the torsion will be 
small, probably not much greater than the unbalanced load applied 
in operating. The ribs are pressed from aluminium alloy and attached 
to the spar by means of long bolts, which pass through the flanged 
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location plates. The trailing edge is the conventional oval or stream- 
line section tube fastened to the ribs by wrapper plates, and the diagonal 
member braces the aileron laterally. 

The lower sketch in this figure shows how the main plane ribs are 
ended in way of the aileron, and the small diagram gives the method of 
holding the fabric into this concave surface. 



Fig. ()8. Fairey III P Aileron 
{hy courtesy of the Fairey Aviation Co.^ Ltd.) 


The photograph (Pig. 68) of an aileron skeleton shows a typical form 
of steel and duralumin construction as used on the Fairey III F. The 
main spar or hinge tube is of steel and the remainder of duralumin. The 
lever rib, which is also shown in Fig. 71, can be seen in the middle. 



Fig. 69. Armstrong -Whitworth Aileron Spar 
(By courtesy of ** FlighV*) 


The ribs are fastened to torque tube and spar by means of flanged 
collars pinned in place. 

In these examples the spar tube has been comparatively small in 
relation to the thickness of the aileron section. It is difficult to manu- 
facture a solid drawn tube of thin enough gauge to allow a larger 
diameter to be used. And it is doubtful if a purely circular section 
would be stable in very thin material. A duralumin tube would appear 
bo ofier one solution. Another is that shown in Fig. 69 and put forward 
by Armstrong- Whitworth. 

The spar is of a polygon section built up of four drawn steel strips, 
riveted together with capping pieces over the joints. In this way it 
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is possible to get a light yet stable spar of large diameter. The steel 
pressings which are used as internal stiffeners are shown on the right. 
These are fitted at rib positions and behind the hinges, one of which 
is included in the diagram. 

An aileron and a trailing edge flap of Westland construction are 
shown in Fig. 70. These follow the same principles as the main plane 
described on page 100. A single channel spar is well lightened with 
flanged holes and stiffened torsionally with a metal covered leading 



Fig. 70 . Westland Ailkron 
{By courtesy of Westland Aircraft Ltd.) 


edge. The trailing edge, which is fabric covered, is carried on flanged 
plate ribs. At hinge points diagonal tube bracings are put into the 
panels on each side of the hinge. The end ribs are stiffened against 
fabric pull by tubes anchored back to strong points on the spar. 




Fig. 71 . Aileron Construction 
A, Boulton & Paul ; B, Pairey III F (operating lever) 

(A by courtesy of **The Aeroplane^') (B by courtesy of Flight”) 

A further example is given in Fig. 71. The Boulton Paul rib- 
fastening is good, but needs no comment. 

An aileron crank and operating rib on the Fairey III F is also included 
in this plate. 

Although welding is frequently used for the tail control surfaces, it is 
unusual to find it in the ailerons. There is ho reason why this should be 
so, and an example of it is seen in the Curtiss Robin (Fig. 72 ). There is 
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a single tubular spar with the operating lever welded on at its mid- 
length. The ribs are of small diameter tubing with a single vertical 
bracing welded in. At the leading edge of the aileron, the rib tubes 
are bent round and down to the spar, to which they are welded. 
A vertical support is put in immediately behind the spar. A rib of 



Fig. 72. Curtiss “Robin” — Welded Steel Tube Aileron 
{By courtesy of The Curtiss Aeroplane Motor Co., Inc.) 


this sort has taken, on test, a load of 200 lb., whereas the Department 
of Commerce requirement was only 33 lb. 

LEADING AND TRAILING EDGES. The leading and trading 
edges of fabric-covered wings present little difficulty, and are usually 
made of tube. Round duralmnin tubes of | in. to 1 in. diameter are 
common practice for the leading edge, and a small streamline tube 
makes a good sharp-pointed trailing edge. (Fig. 73.) 

Some manufacturers prefer to use a continuous strip bent round the 
nose of the wing section, and this method may have advantages for 
thick or blunt-nosed sections. An example has already been shown in 
Fig. 40. A leading edge of this kind must be flexible so that it pulls 
down to the fabric sag. If too stiff it will form a lateral ridge along the 
wing, with a serious effect on the aerodynamical characteristics of the 
section. 

The tube sizes should be such as to stand a fabric pull of 3 to 4 lb. 
per inch run, the reactions being at the ribs. This pull should be taken 
tangential to both upper and lower surfaces, the resultant force being 
the actual load applied to the tube. 

Other illustrations which show leading edges and their attachments 
have already been given on pp. 67 and 59. 

EXTERNAL BRACINGS. Of the wires there is little to be said. 
They are high- tensile steel of standard streamline section to B.S. Speci- 
fications No. W3, fitted with fork ends and lock nuts. The struts, 
however, are anything but standard, and may be classified as follows — 

(i) Round tube ; 

(ii) Streanodine section tube ; 

(iii) Built up sections from drawn strip. 

The same principles apply to the design of round tube interplane 
struts as to the drag struts already dealt with. They are usually made 
of steel to B.S. Specifications No. T50 (or to T46 when they have 
welded end fittings), and tapering of the ends is frequently resorted to. 
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A round tube is always faired to a streamline shape to reduce resistance. 
With small tubes up to 1 in. in diameter a tail piece of wood spindled 
from solid and attached by a spiral winding of frayed tape is sufficient. 
Such a strut with its fairing is shown in Fig. 74. 



Fig. 73. Leading and TiiAiiiiNG Edge Attachments 
{By courtesy of Flight**) 




Fig. 76 

Figs. 74-76. Intebplane Stbut Failings 


For larger tubes the fairing should be nearer to a pure streamline, 
and good results are obtained with a fineness ratio of to 1, the offsets 
of which are given in Fig. 75. Several methods of attaining this shape 
are used. It may be made in halves and spindled from solid wood (see 
Fig. 76), the whole being held together by frayed tape or fabric doped or 
glued on. This method is inclined to be heavy unless balsa wood is used. 

A fighter way is to put f in. thick spruce formers of the correct contour 
at 4 in. to 6 in. spacing and to cover with 1 mm. ply, tacked and glued 
to each former. The whole should be fabric-covered. Continuous nose 
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ajad tail stringers run the length of the fairing. 'This method is shown 
in Fig. 




Fig. 78. End Attachments of Streamline Tube Struts 
J, Piiniall; Bkckbiiru ; C, Bristol; D, Desoutter 
(A a7id D by courtesy of *‘2Plig?it") (B and 0 by courtesy of “The Aero'plme**) 


Lightest of all is to use a similar construction to the last-mentioned, 
but to have only fabric covering. In spite of its efficiency, this type is 
not favoured on account of the ugly sagging of the fabric between the 
formers. 

The end fittings of round tube struts are usually machined from solid 
bar unless the tube be small, when a welded end may be made up from 
plate. (See page 356 for typical strut ends.) 
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The streamline tube makes a very strong appeal for exposed struts, 
and in small sizes it may be lighter than the round tube with fairing 



Fig. 79. Desoutter Strut End Fittings 

attached. In the larger sizes this advantage is lost, since the strut 
strength must be taken about the major axis, and 
much unnecessary weight is carried at the leading 
and trailing edges where it is of little use. 

The strength may be obtained from Southwell’s 
modification of the eccentrically loaded strut 
formula. The strut is always assumed to be pin 
jointed at the ends. 

Streamline sections of all sizes and thicknesses 
are now standardized by the leading tube manu- 
facturers whose catalogues contain useful tables of 
Fig. 80 cross-sectional areas and weights. The radii of 
(By courtesy of the Fairey gyra-tion of non-circular sections may be found by 

Aviation Co., Ltd.) one of the methods given for corrugated metal 
spars on pp. 40 and 41. The radius of gyration, 
K — V IjA^ where 1 is the Moment of Inertia and A the cross-sectional 
area.^ 

Though streamline section tubes are under a disadvantage as struts, 
they may be used very economically as ties. A particular application 
is to be found in high wing semi-cantilever monoplanes where they 
connect the wing to the bottom longerons. Here the only strut loads 
which they normally carry are the weight of the main planes when the 
machine is on the ground, usually a quite inconsiderable amount, and 
the down load which occurs in nose diving. 

Different methods of making the end attachments of streamline tube 
struts are shown in Fig. 78. In the Parnall and Bristol struts a machined 
end fitting was fastened into the tube by taper pins or tubular rivets. The 
Blackburn strut end had two saw cuts or slots made across the tube 
into which plates were inserted and welded. The two different ends used 
by Desoutter are shown in greater detail in Fig. 79. In each case the 
tube is split, the one having a distance piece and wrapper plate inserted 
and the other a U-plate, each being welded in. 

Another method of end fixing the interplane strut when the latter is 
made from streamline tubing is shown in the sketch (Big. 80). A simple 
fitting in nickel steel is bent up to slip inside the tube, being then 
riveted to the tube skin. Side plates are added to the fitting at the pin 
Handbook of Aeronautics, Vol, I, Tables of Streamline Tube Constanta. 
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hole to increase the bearing area. Beech blocks between the fitting and 
the walls of the tube help to stabilize the assembly. 

In order that there shall not be eccentric loading, it is important that 
the centre of the end fitting should be over the centre of gravity of the 
cross-sectional area of the strut. In general this wiU be nearly one-half 
of the major axis from the leading edge, but on a long strut its position 
should be more accurately determined. The method is as follows. 

The section is drawn out as for finding the Moment of Inertia (see 
p. 41) by the method of summation, only the centre line of the thickness 
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of material being shown (see Pig. 81). This line is divided up into short 
elements a. The distance of each element from the line oo is measured, 
X, and the distances added together, thus giving Ux. This.. is divided by 
the total number of elements in the half section, and the result is the 
distance of the centre of gravity behind oo. The work may be conveni- 
ently tabulated and done in conjunction with the Moment of Inertia 
calculation. 

Bound and streamline section solid drawn steel tubes have always 
been popular on aircraft as external bracings, even when the structure 
was mainly wood. With the introduction of draw benches and rolls for 
making corrugated spar and fuselage members in strip metal, it became 
possible to build up struts and ties to a streamline section by the same 
methods. Though more expensive to manufacture, these built-up 
sections can be made lighter and of less frontal area than the correspond- 
ing solid drawn tubes. Either strip steel or duralumin may be used, but 
the latter has advantages owing to its greater thickness and stability on 
the large radius sides of the strut where the material is most heavily 
tressed. 

A typical strut of this kind is illustrated in Pig. 82. The separate 
strips are first drawn on the bench and then pulled into one another, 
an operation for which the draw bench may again be used. The trailing 
edge fi.e. the back half of the strut) is merely an aluminium fairing, the 
strength lying in the front half. The universal joint at the end is also 
shown in the illustration. This consists of an aluminium alloy piece 
machined from solid and held in channels which, being riveted through 
large doubling plates, distribute the load over the whole of the effective 
section. 

The strength calculations for a strut of this type should be backed 
up by a test on one of the actual members in order to find at what 
point instability occurs. ^ 
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The strut in question was developed by Handley-Page. 

Another drawn aluminium alloy interplane strut is shown in Pig. 83. 
Used by Vickers on the Victoria, this strut sacrificed something in 




Fio. 82. Handle y-Page Fig. 83. Vickers “Victoria” 

Interplane Strut Interplane Strut 

(By courtesy of Flight”) 

efficiency to achieve cheapness of manufacture. Owing to the instability 
of thin materials when bent to a large radius, such a strut would 
not be effective in high-tensile steel. Struts of this material are more 
elaborate in design, and a typical one made by the Steel Wing Co. 



Fig. 84. Glostbr Interplane Strut 


(By courtesy of ** Flight”) 


(G-loster) is seen in Pig. 84. The front portion is of steel and the fairing 
of aluminium. The ends are reinforced for the fitting. 

Pollard ^ gives some test figures for a strut of this type, not the actual 
one shown in the above illustration. Designed to a comx)ressive end 
load of 2,240 lb. and length of 6 ft., the member weighed 8-8 lb. The 
lightest timber one for the same conditions weighed 6-3 lb., and the 
best solid drawn streamline tube 4-6 lb. 

Another type of drawn or rolled steel interplane strut is illustrated in 
Pig. 85. This strut has been developed extensively by Boulton & Paul, 
and the rhethod of manufacture is similar to that of the same firm’s 
well-known closed joint tubing. The two pieces of strip are rolled separ- 
ately and their headed edges drawn into one another, 
i Flighty 31st May, 1928, p. 404d:. 
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The joints are made on the minor axis, where normally the stress 
would be highest and where the large radius of curvature would 
allow buckles and instability to develop. The beading of this point 



Fxg. So. Boulton <fe Paul — Intebplane Stkut 
{,By courtesy of Boulton <£? Paul, Ltd.) 


must have a large stabilizing effect, but no comparative figures are 
available. 

A built-up strut of a quite different construction was used on the Short 
Valetta, a large high-wing float seaplane. It consisted (see- Pig. 86) of a 
girder riveted up from aluminium alloy flat strip and angles, with a 




Fig. 86. Short Valetta” Lift Strut 


(By courtesy of “Flight") 


wood streamline fairing added. The use of such a member could only 
be economical on a large aircraft where the loads are heavy and the 
struts long. In the more usual sizes a strut of the types already dis- 
cussed would undoubtedly be more economical. 


CANTII.EVER Monoplanes 

Although a number of monoplane wing structures have been men- 
tioned in the previous sections, these were fabric covered, two spar, and 
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ext.emaUy braced planes bnilt in the tradition of the biplane, gxw- 
S popularity of the cantilever tapered monoplane coincided with the 
development of metal construction on a large scale and many designers 
saw in the two an opportunity to break away from the classica method. 
One large school of thought developed the “centre trunk system 
described in the introduction to this chapter. , , , , . . , , 

Whilst the reasoning there stated has influenced the design of other 
methods which are not strictly of the “centre trunk type, there have 
been many unique departures from accepted practice. As many as 
T^ossible of these have been coUected and wiU be discussed m alphabetical 
order under the ditoent countries of their origin. It is barely possible 
to ^oup them in any other way since many show distinct originality. 

GREAT BRITAIN, Armstrong-Whitworth. The basic structure 
of the Armstrong-Whitworth Whitley is a box spar of corrugated aim 
minium alloy sheet, having great flexural and torsional stiffness. In the 
centre section it is braced internaUy by light diamond shaped frames, 
the apices of the diamond lying at the mid-point of each side of the box 
spar. The top and bottom apices are carried on fore-and-aft stringers 
of “top hat” section and a spreader tube rmis between them. 

The outer sections of the wing taper towards the tips and the box 
spar becomes of a much flatter section. The internal bracing changes 
from the diamond construction to something more resembling a 


conventional rib. ^ , 

The structure of the centre section is shown in Fig. 87. The leading 
edge and box spar are covered with smooth aluminium alloy sheet, but 
the trailing edge, from the rear face of the spar, is fabric-covered. 

The metal covering is attached with “pop ” rivets by means of a tool 
such as is illustrated in Fig. 479. 

Blackburn. Some years ago the Blackburn Co. developed a single- 
spar wing construction, designed by the late Mr. F. Duncanson. The 
spar consisted of a tapered tube of circular cross-section. It was built 
up of duralumin sheet, supported internally by rings and diaphragms. 
At the top and bottom the shell of the tube was corrugated to stiffen 
it in bending, whilst its circular section was ideal in torsion (see Fig. 88). 

A portion of the spar was made petrol-tight and used as tankage. 
This was extremely economical both in space and weight, but implied 
that the deflection must be made negligible. 

Bibs of conventional design ran across the spar, to which they were 
simply attached. 

In some ways the structure resembled that of Kellner-B6chereau 
(page 138), but there the spar is elliptical in section, and only trailing 
edge ribs are used.^ 

Bristol. The Bristol Aeroplane Co., Ltd,, were pioneers in metal 
construction and produced a well-known series of all-steel fabric-covered 
biplanes. More recently they have been equally successful in producing 
stressed skin cantilever monoplanes. 

The structure used in the Bristol 143 and the Blenheim is shown 
in Fig. 89. The spar flanges are of high tensile steel strip and steel is 
also used for the heavily loaded fittings. The remainder of the struc- 
ture, which is more lightly stressed, is of duralumin. Pollard says of 


^ An early study of the single tube spar, taking both bending and torsion, was 
made by G. Gabrielli in “ Sul Comportamento dei Tubi Sottili in Dural Assoggettati 
a Flesso-Torsione e SuUe Loro Applicazioni nella Construzione degli Aeromcbili,” 
which appeared in BAerotecnica, Vol. XII, N.12, December, 1932. 






87 . Ahmstroistg -Whitworth Whitley 

{By courtesy of “ The Aeropla7ie^') 
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this structure, stresses may be induced in the flanges of a mono- 

plane spar; thus steel can be used to advantage in these cases. Also, 



the use of steel strip allows of extensive lamination, and variations of 
s^tional area of spar are thus easUy possible with attendant constancr 
of stress intensity/’ ^ 



"" 

Fie. 89. Bbistoi. MoiropLiNB Constbuotion 
C.L.W. O.L W. Aviation, Ltd., of Gravesend develoned an exupii- 




. 90 . C.Li.W. WrtfG Construction 
{By courtesy of *'The Aeroplune”) 





Fig. 91. de Havillakd ‘’Flamingo” Sp. 
(% courtesy/ of “ The Aeroplane'! 
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If applied to an aeroplane, having a gross weight of 5,600 lb., a wing- 
loading of 19-5 lb. per sq. ft., and a cruising speed of 200 m.p.h., it is 
claimed that the wing would weigh 1-6 lb. per sq. ft. or 9*1 per cent of 
the total weight. If these results were achieved in production, the 
methods of construction would be worth very serious study. 

The plane is fabric-covered and torsional stiffness is given by a 
braced structure independent of the single spar (see Pig. 90). Along 
the leading and trailing edges run girders which are joined together 
at intervals by heavy ribs, cantilevered across the spar. The rectangular 
















Fig. 92. on Havilgani) "Plamingo” Spau Joint 
(By courtesy of “Flight” and the do Ilavilland Aircraft Co. Ltd.) 


panels so formed, in plan, arc cross braced by diagonal ties of duralumin 
strip inside botli upper and lower surfaces. There are also intermediate 
light girders running out towards the tip from the inner end. 

Apart from the widely spaced heavy ribs, the wing section is preserved 
by small duralumin tubes bent fore and aft across the wing and clipped 
to the main members. Since these can be bent round on the job, they 
are much cheaper than ordinary built-up ribs. 

The spar is a substantial warren girder of duralumin channel sections. 
It transmits its reactioiis through robust joint fittings bolted to the 
upper and lower flanges, fi^lie leading and trailing edge girders are pin 
jointed to the fuselage and are thus prevented from transmitting bending 
reactions except by way of the main ribs to the spar. 

The C.L.W. system could be adapted with slight modification to 
stressed skin construction if it were found that fabric would not stand the 
heavy air loads which go with high speed, 
de Havilland. The wing structure of the D.H,95, or Flamingo , high 
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wing mouoplstne is leased, on a single spar. As far as possible, ibe struc* 
fcure is buHt up of extruded sections, forgings, and soft-die pressings. 

Tbe centre section spar, which extends to the outer sides of the two 
engine mountings, is a lattice girder of extruded aluminium alloy 
sections, the flanges of which are of T section and the diagonal 
bracings of channel section (see Eig. 91). 

The bracing members are fastened to the vertical web of the flange 
members by bolts. The top flange of the spar lies just inside the top 
of the fuselage and the lower flange passes straight across the cabin 
from side to side, being attached to a heavy fuselage bulkhead by means 
of a bolted joint and a forging (see Fig. 92). Further detafls of tMs 
joint appear on page 168. 



Fia, 93. DE Havilland “Flamingo” Wing Stbuotube 
{By courtesy of**The Aeroplane'*) 


In addition to this main spar, the centre section lias also two auxiliary 
spars, which carry the leading edge and the flaps. Tliese spars are not 
built across the fuselage, but join on to heavy fuselage bulkheads at 
the sides. They are flat plate “Wagner” beams, with extruded angle 
flanges and vertical “Z” section stiffeners. 

The engine mountiug lugs on the front auxiliary spar are anchored 
back on to strong flat plate ribs, which serve in addition to carry the 
undercarriage loads to the main spar. 

The detachable outer wings also have a single main spar but this is 
stiffened torsionaUy by the leading edge, and aft of the spar the wing is 
fabric-covered. Details of the structure are given in Fig. 93 from which 
it will be seen that the spar is a flat plate girder, having extruded angle 
flanges. The leading edge is fastened on to the flanges of the spar and 
the metal covering is supported by heavy channel section ribs, notched 
to allow the stringers to pass through unbroken. 

Behind the main spar are braced ribs of light aluminhmi alloy sec- 
tions, those which carry the aileron hinges being of greater strength. 

The wing tips are metal-covered and detachable, for ease of replace- 
ment in case of damage. 

Fairey. The cantilever monoplane wing structure of the Fairey 
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Battle is almost entirely of aluminium alloy sheet and extruded 
sections. 

It has two spars and is covered with flat sheet which, between the 
spars, is supported by “Z” section stringers. In the centre section the 
spars are built-up lattice girders (see Pig. 94) but in the outer wings they 
have flat plate webs as shown in Pig. 96. 



Fig. 94. FAinnY “Battle” Centbe Section Spak 
(By courtesy of Might’*) 


The spar flanges are of extruded section and the forward pointing 
lips of the front spar are specially joggled to allow of a flush attachnaent 
of the leading edge. 

The ribs are flanged pressings from flat sheet, notched to allow the 
stringers to pass through. Two angle sections are riveted to the rib, 
one parallel with each of the wing surfaces. The stringers are attached 
to these by bolts, the bolt holes in the angles being slotted to allow of 
easy^alignment of the stringers. 

The spacing of the stringers is 3 to 4 in. and they are parallel. As 
the wing tapers in plan view the front and i^ear stringers are cut off 
as they converge with the spars. 

The metal covering between the spars is laid on in strips of about 
12 in. width, and riveted. To provide access for this riveting, and also 
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for maintenance in service, one of the lower surface strips is bolted in 
position, the particular stringers being provided with Sunmonds elastic 
stop nuts. Alternate sections of the leading edge are similarly attached 
to the spar and fixed sections by these nuts. 

Handley-Page. The wing structure of the Handley-Page Hmnpden 
bomber is unusual and has been designed for rapid production. It is 
split up into numerous small units which are completed in themselves 
before being brought together in the final assembly. This allows more 



Fig. 95. Faieey “Battle^’ Wing Constbuotion 


{By courtesy of “FliyhV) 


labour to be employed without overcrowding and should give easy 
maintenance and repair. ^ 

The stiuctuie of the centre , section is based on a single main spar 
which consists of built-up flanges with vertical and diagonal bracings. 
These bracings are principally tubular, but at points of high load they 
are of double channel section. The flanges, as wiU be seen in Fig. 96 
are each built of two extruded “T” sections, side by side, joined across 
their tups first by a thick strip and then by an outside thin strip to 
which the skin covering of the wing is attached. 

TMs single spar takes the main vertical bending load on the wing 
but is not suitable for either the torsional or drag loads. These are 
taken by the D-shaped structure forward of the spar, which consists 
of upper and lower surfaces as far as the false spar to which the leading 
edge IS fas^ned. The portion aft of the main spar is of light construction, 
appropriate to the lower loads coming on it. 

The outer planes aie of similar construction to the centre section, 
except ttie spar bas flanges of extruded “L” section, and a flat 
plate web. ^e att^hment between the outer plane and centre section 
f fey four bolts, the two principal ones being at the ends of the 

T O'! fefe® front false 

^ar and the fourth lies mside the upper surface near the trailing 'edge. 
Their positions are shown in Fig. 96. ^ ^ 

A removable panel is provided in the lower surface of the wing to 

to the ^ 8 in. wide, next 

m ® i® attached along one edge by 

means of a wire hinge. ® ^ 




Fig. 06 . HA^-DLEy-PAGE ‘-Hajipdek” Wing Consi^uction 
{By courtesy of “Flight 
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Hawker. The cantilever wing cunstruction of the Hawker Hurricane 
single seat fighter monoplane has developed from the earlier biplane 
structures of such machines as the Hart, It bears no structural resemb- 
lance to the now conventional stressed skin wings of other monoplanes.^ 

The two spars are of similar design to those illustrated and described 
on pages 32-4. Since the wing is fabric-covered, except over the leading 
edg^, torsional stiffness must be provided internally. Deep drag mem- 
bers run between the spars of the outer sections, forming a warren 
o-irder in plan view. Tlie outer plane ribs are in three parts, one forward 
of the front spar, one between the spar's, and one behind the rear spar 
back to the trailing edge. A port outer section is illustrated in Fig. 97 
and the centre section in Ifig. 98. 

The details of the structure are full of interest. The spars have 
polygonal booms of S.88 high-tensile steel strip, but the webs of the 
outer spars are of flat duralumin slreet. In the more heavily loaded 
centre section the booms are of double thickness, one lamination being 
drawn over the other. An internal tubular liner runs from end to end. 
The centre section webs are of flat steel sheet, stiffened by vertical 
members riveted on. The steel strip for tlie booms is received in the 
final heat-treated condition a.ud after slitting to the correct width it is 
formed to its final section in a rolling machine. 

The outer spar webs are cut on a band saw from flat aluminium alloy 
sheet. Location holes are drilled, the final edges cut on a router and 
the lightening holes pressed out and flanged. After setting up the 
booms and web in a jig, the rivet holes ai*e drilled by multiple head 
drilling machine. Solid rivets are used lor iittaching booms to webs. 

Mruniniiim castings are fitted inside the booms to stiffen them and 
act as distance pieces where bolts pass through to attach the end of 
the diagonal bracing members. The plug ends in these members are 
machined from aluminium alloy forgings. The more heavily loaded 
spar end fittings are machined from steel stampings which are subse- 
quently cadmium coa.ted. TTie large brackets shown in Fig. 98 for 
the attachment of the und(u*(^a.iTia.ge and fuselage are pressed from 
stainless steel sheet. 

The leading edge ribs are pressed from flat duralumin sheet, whilst 
the inter-spar ribs are built up from rolled channel section booms of 
duralumin strip with tubular bracing members. Where the inter-spar 
ribs are in such a position as to cross the diagonal bracing members they 
are made up with loose lower booms which are finally fitted on assembly. 
The inter-spar portions are made short at each end, the gap being 
normally filled by a lt> s.w.g. wiisher. The bridge pieces which cross 
the spar and join the inter-spar t.o the trailing edge portion of the rib 
are shown in Fig. 97. They are pressed from thin duralumin sheet. 

The leading edge is covered with thin dm'alumin sheet which extends 
2 m. behind the front spar. It is attached to both leading edge and 
inter-spar ribs by means of pop rivets, the holes for which are drilled 
on assembly. Except for the panel providing a walkway giving access 
to the cockpit and guns, tlie rest of the wing is fabric-covered. 

The attachment of the fabric to such a wing presents a problem. In 
this example, three different methods are used, depending on the 
circumstances. To attach the fabric to the top and bottom surfaces 
of the leading edge, strips of dui’alumin are provided which hold it 
down on to the nose ribs by means of pop rivets. A covering strip of 

^ Later “Hurricanes” were fitted with stressed skin wings, but particulars were 
not available at the time this was written. 




Fig. 98 . Hawkek “Hotricaue” Cbntbb Section 

{By courtesy of "Aircraft Production*') 
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fabric is doped on. On t-he ouk‘r ot* i-he wa,Ikwa,y panel a wooden 
strip is fitted to take the fabric. 

The method of holding tlus fa.bHc to tln‘ oi'dinary ribs is illustrated 
in Fig- 99* 

Inside the rib boom are litted Hiinmonds anehoi* or elinch type nuts 
about 3 in. apart according to the lo(*a.l conditions. A cellopliane strip 
is put over the top of ilie boom and tlum a lengtli of Egyptian tape. 
These are turned down tilH‘ sides of the cha.nnel secstion and secured by 
stringing. The fabric wing coviu-ing is now put on a,nd tightened down 
on to the ribs by means of mirrow duralumin strips held by Simmorids 
screws. The recess so formed along the Itmgtli of each rib is covered 
by another strip of Egyi)l.ia,n tape, doped on. 



Martin-Baker. The Marl-in-Baktu* cantilever wing is fabric-covered 
over ribs which are carried on a. single spar. This spar has three booms 
(see Fig. 101), all of thin gauge large diameter tubes. They are arranged 
as the corners of a right angUi triangle, the tliird lying horizontally 
forward towards tlio leading edge. Tlie three booms taper together as 
the wing tip is reached and arc braced to each other by a system of 
smaller tubes with llattencd ends. The form of joint used for the attach- 
ment of the bracings is unusual. A short liner is pushed down the 
inside of the spar boom so tlxat a hole in the boom coincides with a 
tapped hole in the liner, tlie nut for which is brazed to its inner surface. 
A stud is screwed tlirougli the spar into the nut and a saddle washer 
added outside under the llattened end of the bracings. The joint is 
then completed witli a slotted nut and split pin outside. 

The wing folds about the joints of the after pair of booms, the upper 
hinge being shown at the top of Fig. 100. The lower front boom has a 
conical turned end wdiich mates with a corresponding socket on the 
inner side. The screwed pin, which is worked by a handle, passes 
through the joint horizontally. The incorporation of a jacking pad on 
the fixed side of the joint will be noticed. It is arranged to cause no 
offset bending since it lies in lino with substantial fuselage members 
which carry the vertical reaction of the jacking load. 

The wing ribs are of the aerofoil section and built up from small 
diameter steel tubes (Specification T 6) with brazed joints. Clips with 

.1— (A.oooj) 
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suitable flanges are bolted to tbe spars to carry the ribs, which have 

small two-hole attachment plates welded in. 

This form of structure is un- 
doubtedly very stifl both in 
bending and torsion. In a design 
of this sort, however, the bearing- 
stress in the spar tube under the 
loads from the bracings must 
be high, since the inner sleeve 
has only a frictional location. 
Further, if a fine wing tip were 
required it would be necessary to 
design some special extension to 
the spar booms. Even if the 
three booms were brought on to 
one horizontal centre line at the 
tip the minimum depth of section 
at this point would be limited by 
the diameter of the tubes. 

Monospar. Although single 
spar wings have been built by a 
number of different constructors, 
the Monospar system is highly 
original. 

The wing is fabric-covered and 
has ribs of normal design. There 
is only one spar, and this, of 
course, carries the whole load. 
When the Centre of Pressure is 
directly in line with the spar only 



Fio. 100. Hahtin-Baxee Wing 

CONSTEUCTION 

(Top) The upper of the two joints about 
which the wing folds ; (below) two halves 
of the locking arrangement on the front joint 
of the wing spar. The screwed pin is worked 
by a small handle 

{By courtesy of ” Flight**) 



Fig. 101. Maetik-Baker Wing Details 

A set of sketches showing the chief points of interest in the wing spar. The details 
on the left are of ihe main strut attachment and on the right of the method by 
which the ribs are secured. The letters are a key to the details 

(By courtesy of Flight**) 

flexual bending is experienced. An ofiset position of tbe Centre of 
Pressure results in torque being applied to the spar, which must be 
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stiffened to take it. Pyramids of bracing wires are built off each side of 
the spar, the apices of which, lying opposite to one another, are connected 
by means of spreader tubes passing through the spar on its centre line 
in the fore-and-aft direction. The apices are also connected laterally 
to provide for secondary flexure. 

The pyramid bracing may be regarded as two spiral windings in 



Fhn. ]02. Monospau VV'ing Dp^taxls 
(litf ('ourtesy of*‘T}ie Aeroplane'' ) 


opposite directions, the one giving torsional strengtli when the O.P. is 
forward of the spar and the other when it is behind. An initial tension in 
the wires may be made to double the torsional rigidity. 

The Monospar system would appear to be most suitable for a thick 
wing section where the big depth of spar gives an adequate base for the 
pyramids. The construction, however, is not limited to aerofoil sections 
with a small travel of the centre of pressure. The bracing system is 
such that the degree of torsional rigidity is completely under control and 
can be accurately calculated. Designing to the aerodynamic load for a 
large C.P. travel would result in a wing of greater rigidity at the cost of 



94 METAL AIBOBAFT OONSTBUCTION 

a smaU increase in weight. Becent researches in connection with the 
flexibility of cantilever monoplane wings indicate specific values of 
rigidity, and these influence the design of the torsion bracing system in 
the direction of over-sizing of the bracing if an aerofoil section with a 
small C.P. travel is used. The end loads in the spar booms due to the 
torsion bracing system, from aerodynamic considerations, are very 
small in relation to the main bending loads. -i-, i i -n 

An experimental wing built on this system to fit a Fokker F VIIa-3in 
weighed 1*3 lb. per square foot against 2*15 lb. for the original ply-covered 
wing, which latter is of an admittedly heavy and robust construction. 
Test reports are not yet available. 

The system has also been applied to other cantilever monoplanes, 
including the Monospar 4/5 seater twin engine types, the Monospar 
S.T. 18-ten seater, and a Saro “Cloud” flying boat. 

In the wing of the S.T.4 there are only two bays of pyramid bracing 
at the inner end. The top left-hand sketch of Fig. 102 shows the general 
arrangement, whilst A, B, C, and B iUustrate the points corresponding 
to these letters on the arrangement. A and B show the spar construc- 
tion. This is a simple duralumin girder. The booms are of closed box 
section, and at each wire joint there is a short vertical. Between the 
verticals, the spar is diagonally braced with built-up struts. C shows 
the wing tip construction where the main spar and aileron false spar 
run together. Sketch D shows one of the heavier inner ribs cut away 
to take the petrol tank. The ribs are made of channels drawn from 
duralumin strip with beaded edges. The remaining sketch illustrates 
the aileron construction, where the ribs are skewed so that, in effect, 
they form rigid pyramids which brace the aileron spar against torsion. 
This spar is a simple built-up channel member whicli, by itself, would 
be unsatisfactory in resisting torque. 

The fuselage of this machine is similar to the wing structure. A single 
braced girder runs down to the tail and the cabin structure is merely a 
fairing, carrying no primary load. The ratio of aU-up weight to tare 
w^eight of the ST.4 is 1*87, a high figure for a cantilever monoplane. The 
average ratio for such machinesis less than 1-6 (see also Dewoitine, p.l25). 

Short. For monoplane flying boats and the Scion type land planes, 
Messrs. Short Bros., Ltd., Bochester, have developed a special form 
of construction. The wing is fabric covered, torsion stiffness being 
provided by the single spar. This consists of four members spaced 
roughly as at the corner of a square. Vertical and horizontal separator 
tubes are put in and the rectangular panels so formed in the top and 
bottom are each crossed with one diagonal bracing tube. (See Inset.) 
The vertical panels are wire braced. The continuous corner members 
are made of extruded cruciform sections in duralumin which lend them- 
selves admirably to the attachment of the gusset plates for the tubulai 
bracings, which are also duralumin. 

The wing root joints of the “ Scion Senior,” a larger monoplane of the 
same type, are also shown in Inset. In order to give a large bearing 
surface for each attachment bolt, doubling plates are riveted to the 
vertical flanges of the cruciform section. They are attached with 
sufficient rivets not only to take that portion of the bearing load coming 
into them but also to transmit the reactions from the bracing members 
attached to them. The economy of material and the extreme simplicity 
of the joints is particularly noticeable. This wing weighs 1*6 lb. per 
sq. ft., which is about 11 per cent of the all-up weight of the machine. 
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In the Sxmderland flying boat the main plane is similar construction, 
but metal-covered with thin plating of Alclad Na 23 ST. It is built 
round a main box spar (as shown in Fig. 103), which consists of two 
girder members joined between the flanges by heavy fore and aft rib 
formers and cross-braced in these fore and aft panels by steel tie rods, 
The flanges of the girders are made of extruded “T” sections of 
Hiduminium 1111.56, which are machined after extrusion to a slight 
taper. 

The spar girders are braced by vertical and diagonal tubes having 
extruded end lugs. The form of these is shown in the middle of 
Fig. 103. They are extruded in long lengths, parted off, and the flanges 
cut back to leave the web extending as a lug. They are fastened into 
tubular bracing members by small tubular rivets, and the extending 
lugs are then held between gusset plates riveted to the vertical flanges 
of the “T” section spar booms. 

This construction should be compared with that of the “Breda 32’^ 
on page 148. 

Vickers. The Vickers-WaUis Geodetic construction is an attempt to 
produce a fabric covered structure which will be light and yet have 
considerable torsional stiffness. The method has been applied to both 
cantilever main planes and to fuselages. The following description will 
show its application to planes. 

If a bent member is put under compression the ends will tend to 
approach each other and the amoxmt of how to increase. But if on the 
other hand such a member is put in tension it will tend to straighten 
out. If, then, a rectangular panel under shear is cross braced with two 
bent members crossing at their mid-points, the additional bowing of 
the one will be restrained by the straightening of the other. This is, 
of course, the well-known principle of pyramid bracing with curved! 
instead of straight, members. 

The Vickers-WaUis Geodetic wing has a single spar at about one-third 
of the chord back from the leading edge. Under the fabric covering 
lie two diagonal systems of members, curved to the contour, and 
crossing each other at right angles. If the centre of pressure locus does 
not lie along the centre line of the spar, the wing is under torsion. 
One system of bracings is thus put in compression and the other in 
tension. 

In its application to fuselages, four longerons may he used and the 
“ Geodesics” or bracing members are spirally disposed in both directions 
round the inside of the surface. 

The calculation of the loads in the geodesics, and consequently their 
dimensions and most efiBlcient spacing, is extremely complicated. The 
geodesics may he made up from duralumin channels, cut and jointed at 
every node. There are consequently a very large number of small 
pieces^ which, moreover, are of varying lengths owing to the taper of 
the wing or fuselage. The additional expense of production must be 
balanced against a possible saving in weight over the metal-clad struc- 
ture and the comparison put to the test of commercial competition. 

The first production aircraft having a geodetic wing structure was 
the Wellesley single-engmed Bomber, and this was followed by the 
heavier WelUn^on which had two engines. In the wing structure of 
the latter the single main spar was assisted by two axixiliary spars, one 
in the leading edge apd the other supporting the trailing edge flaps 
and ailerons. 
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Apart from the detachable tips, the main wing structure is made in 
four portions, the outer sections joining their respective centre sections 
at the engine nacelles. The centre sections join on to the fuselage sides, 
port and starboard, but the main spar protrudes beyond the centre 
section end rib and the two meet and join on the centre line of the 
machine. 

Thus, the main spar, when joined up, is carried in one piece from 
wing tip to wing tip, but although it passes right through the fuselage 
it is not directly connected to it in any way. The centre section end 
ribs are of such robust construction that they carry the whole lift to 
the fuselage attachment points of the front and rear auxiliary spars. 



Pig. 104 . Vickers Geodetic Wing 
(Hi/ courtesy of “ The Aeroplane*’) 


In its heavily loaded centre portion the main spar has double tubular 
booms of /mall diameter but thick gauge. These are shown in Fig. 105, 
which illustrates the connection between the main spar and the heavy 
centre section end rib. This connection is made on the neutral axis of 
the spar. The same sketch also shows the spar end where it joins the 
opposite spar on the centre line of the aircraft. 

The bracing members of the spar and end rib are all of similar section 
to those of the geodetic bracing membei's of the wing and fuselage (see 
pages 218 and 220). 

The heavy tubular booms of the end rib, which pass inside the booms 
of the spar, meet at the front and rear auxiliary spar joints where all 
the lift meets its reaction in the fuselage. The joint is shown in Fig. 106. 

The pivot fixings at the four joints, front and rear, port and starboard, 
have thus to carry the whole lift and drag of the wings. The fuselage 
frame itself appears again in Pig. 254, from which further details will 
be clear. 

The reason for dispersing the lift between the fom' joints is to prevent 
the enormous concentration of st-ress which would otherwise occur if 
the total lift wei*e tj*a.nsmitted direct from the main spar to a single 
fuselage frame. 

The geodetic liracing panels of the upper and lower surfaces of the 
wing finish on th(» liea-vy centre section end rib. Sheet metal fillets 
connect this to tlie geodetic side pa.nel of the fuselage and thus prevent 
fore and aft movement of the wing. 

The booms of the auxiliary spars are incomplete tubes (see Fig. 106), 
one side being left open to allow of riveting. These spars cannot, of 
course, carry any bending as tliey are pin-jointed at their roots. They 
.are subjected only to direct end loads. 

The main spar and the front auxiliary spar pass right through the 
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Fig. 100. VicMvEHS ‘‘ W'ki.lincjton " Auximaky Spar Joint 
{By lumrtesff of "The Acrophine") 



Fig. 107. Vick wigs “ Wkkuinc.ton” Spar Construction 
( By eoiirtesy of “ Might ’ ’) 

Half-way along ilic outer wings, the double tubular booms of the 
main spar are reduced to a single tube (see Fig. 107). 

The actual Joints between the double and single booms are made 
with serrated cover plates, the booms being correspondingly^ sen^ated. 
This figure also shows a Joint between the geodetic panels inside the 
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<nii‘face. The construction of the wing panels is sitnilar to that of the 
fuselage panels appearing in Figs. 254 and 255. As will be seen from 
Fm 104 the complete half wing is covered by twelve panels, meeting 
at the spars. They are assembled complete with undoped fabric covering, 
Ihe final doping and painting being done after final assembly of the 


The method of attaching the fabric to the geodetics is shown in 
Fig. 108. Wires are threaded through drilled bolts wdiich pass through 



the fiange of the geodesic and the whole is covered with serrated tape. 
A tape is also put in under the wire to prevent chafing of the fabric. 

The interior of the geodetic wing is completely clear of bracing 
members, afi the loads being carried by the spars and covering panels. 
This allows ample room for the tanks. At the same time continuity 
in the panels is very necessary and therefore the fuel tanks are slid in 
from the inner end of the wing. Three tanks are made up in the form 
of a train, connected together, and there are two such trains, one on 
each side of the main spar. They slide in on wooden rails. It may 
appear difficult to change tanks if a leak occurs, but it is claimed that 
a wing can be taken off a Wellington, a train of tanks changed, and the 
wing reassembled in 2 J-3 hours. The total quantity of fuel which may 
be carried inside the wing of a W^ellington is 750 gallons. 

It has been shown that considerable damage may be done to the 
geodetic structure without the safety of the aircraft being endangered. 

Westland. The monoplane wing construction developed by Westland 
Aircraft, Ltd., is of the single spar type. As in others of this type 
special measures are taken to provide for torsion, the single spar 
being designed to carry the bending load. 

This spar (Fig. 110) is situated at one-third of the chord behind the 
leading edge. It is built up of top and bottom booms of extruded 
aluminium alloy sections, connected by a single plate web to which are 
riveted vertical stiffeners. The extruded section booms are machined 
to preserve a uniform stress throughout their length. At the bolted 
attachments "of the tubular drag struts a block of metal is left un- 
machined ffom the extrusion to take the localized bearing stresses. 

To the forward face of the spar are attached diaphragm formers 
spaced some 12 in. apart. To these and to the spar is riveted a skin 
covering which is assembled in over-lapping panels of the same width, 
the riveting being completed panel by panel so that access is always 
available from the open end of the sheet which is being worked on. In 
the portion of the wing shown in Fig. 110 can be seen the way in which 
the leading edge is shaped to take a Handley-Page slot. 
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Whilst this metal covered leading edge forms a “tube” which is stiff 
in torsion, the wing is also stiffened by a series of tubular pyramids 
attached to the back taco of the spar (Fig. 109). These also serve to 
carry the drag load since the apices of the pyramids are joined by a 



Fig. 109. Wksti.and Wing Constbuction 
(By cotirtesy of Westland Aircraft Ltd.) 


strong tubular member. It will be seen that this is in compression under 
the backward component of the lift. W^here an aileron or flap hinge 




Bho. 110. Spab Construction os’ Westland Monoplane 


occurs it finds a strong attachment point in the a^iex of one of the 
pyramids. 

The after part of the wing is covered with fabric, light tubular duralu- 
min ribs to support this being attached to the spar and to the rear 
transverse tube. It will be seen that these ribs and the diaphragms on 
the front of the spar come opposite to vertical stiffeners on the spar web. 
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HearUy loaded monoplane wings used on high speed aeroplanes 
have given considerable trouble when covered aU over with fabric. The 
suction over the top of the leading edge is particularly high and results 
in the fabric billowing out between the ribs unless these are very closely 
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spaced. A metal covered leading edge overcomes this trouble, par- 
ticularly if it is used to give structural strength as well. 

It is of interest to compare this construction with that of the Dewoi- 
tine B 332 shown on page 127. 

AMERICA, Boeing. The Boeing Aircraft Company have designed 
and buUt a considerable number of large aircraft. They have developed 
large cantilever wings oyer a period of years and produced very satis- 
factory results, the structure having two truss type spars built up of 
tubular members. 
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The outside flat sheet metal covering has, between the spars and 
over the leading edge, an imier skin with corrugations running from 
tip to tip. The trailing edge behind the rear spar is covered either 
with flat sheet or fabric. The ribs are of channel section with tubular 
truss members. These points are clearly brought out in Pigs. Ill 
and 112. 

The use of double skin coverings, the outer one flat and the inner 
one having span-wise corrugations, is common in America, and will be 
found in a number of succeeding examples. The inner corrugated skin 
helps to resist bending moments and adds to the torsional stiffness of 
the wing as a whole. In this connection a publication of the Boeing 
Company^ is of great interest, an extract from which is given 


“The first impulse of the Designer who is well versed in his mono- 
coque design is to use skin or covering as thin as possible, as the best 
strength- weight ratio is thereby obtained. However, tests have shown 
that this is not always the best practise. For instance, torsion tests 
on cylinders constructed of corrugated and flat sheet have shown that 
corrugations are only about 50 per cent as effective in resisting shear 
as the skin. Thus, in a wing where high torsions exist, the choice 
of skin thickness should not be too low, as material is simply needed 
to resist shear and the skin provides the most efficient medium. Also 
the amoimt of wrinkling permitted in the skin when the corrugations 
deflect elastically under compression loads is important. Too thin a 
skin will give excessive wrinkles at low factors. The conclusions 
drawn, as a result of tlie cylinder tests mentioned and certain wing- 
tests, are that witli skin of a thickness equal to approximately half 
of the corrugation material thickness, there need be, in the usual 
wing, no worry about the effects of torsion or of local wrinkling at 
low factors.” 

On the subject of the truss type spars built up of tubular beams 
they say — 

“In this connection it should be noted that the tubes used are of 
square, rectangular, and barrel sectit)n, the latter having two flat 
sides for ease of attacbmont and two rounded sides to give high 
compression strength. The advantages claimed are — 

(1) The minimum weight for very deep spars with high shear loads 
is obtained. 

(2) Webs subject to local or general wrinkling are avoided. For 
light weight, “I” beams must necessarily have thin webs (Wagner 
beams) and these may be subject to undesirable wrinkling at low 
factors. 


(3) G-reater inspection facilities, particularly when removable 
leading and trailing edges are xised. 

(4) Tubular members liave inherently high local crushing strengths. 
This feature and their essential character of compactness permit the 
use of members of minimum external dimensions, 

(5) Tubular members are well adapted to the use of high strength 
steel (180,000 lb. per sq. in. tensile strength) and 24 SRT aluminium 
alloy. 


^ “Problems in the Design and Constructipn of Large Aircraft,*’ by R. J. Minshall, 
J. K. Ball, and F. I*. Laudan, presented to the National Production Meeting of the 
Society of Automotive Engineers at Los Angeles, October, 1936. 
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(6) The tubiilar sections used (by reason of their shape) permit 
ease of attachment with adjacent parts.*’ 

Pig. 113 shows a typical gusset joint such as is used to attach a heavily 
loaded compression st.rut to the lattice spa.r of a large Boeing wing. 


Pig. 113. Typical U Gusset 
{By courtesy of the Boeing Aircraft Company) 

The outer flat skin is spot welded together into long lengths. It is 
then mounted on a large reel and passed through the anodizing bath 
in sections, as will be seen in Fig. 114, 

By this method much time is saved and the cost of the metal covering 
by no means as great, at least in labour charges, as if mounted on the 


106 METAL AIBOEAET CONSTRUCTION 

wing in individual sheets which are separately treated. Great care, 
however, is necessary so to design the curvature of the surface that no 
double curves are introduced which would cause ugly bucklings in the 
skin. 



Fig. 114. A Reel of Alclad Aluminium Alloy Sheet 
Shaped for the Outer Skin of a Section of the 
41 -TON Boeing Pan-American Clipi^er’s Wing 

The metal, seamed together by electric spot welding, is being anodized in the Finishing 
Shop of the Boeing Aircraft Company at Seattle 
{By courtesy of the Boeing Aircraft Company) 

Consolidated. The Consolidated Aircraft Corporation use a stressed 
skin wing structure which is based on the “centre-trunk” principle 
described on page 29. 

The metal covering extends back behind the rear spar until it meets 
the false spar which carries tfie ailerons and flaps. This covering is 
supported inside by half-round stiffeners with outward turning flanges 
which are riveted to the skin. These are parallel with the rear spar, 
as will be seen in Fig. 115. 

Behind the rear spar they are widely spaced, but over the more 
heavily stressed portions between the spars they are some 9 in. apart. 
Where the stiffeners run out due to the plan form taper of the whig a 
special pressing is put in to finish them off. The skin covering is put on 
in narrow strips running ffom front to back. 

The rear spar runs straight across from tip to tip, but the front spar 
is swept back in accordance with the taper. There are no ribs in the 
ordinary sense of the word, but the wing is provided with diaphragms 
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more closely spaced between the spars than behind. These are of fiat 
sheet going right out to the wing surfaees and having flanges riveted 
thereto. The lateral stringers or stiffeners pass unbroken through 
notches cut in the rib flanges, but a second and continuous angle is 
provided running over the tops of the stiffeners. 

The spars themselves are flat plate girders with double flange angles 



’ Fku 115. OoNsoLiuATKo ” WiNCj Construction 

{Uy courtesy of the (UmsoHdaied Aircraft Corjmration) 

to the skin. The webs are divided into square panels with vertical 
stiffeners of the same form as is used to support the skin covering. 

The wing shown in Fig. 115 is used on the PB2A Military Land 
Plane. A somewhat similar construction is used on the large Consolid- 
ated flying boats. In the PBY the centre section of the wing is made 
in one piece extending out to beyond the engine. That portion which 
lies between the spars is used as a fuel tank having a capacity of 1,750 
IJ.S. gallons. One of these centre sections mounted on its handling 
bogey is shown in Pig. 110. 
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Curtiss- Wright. While fuselage design is now settling down to 
something like a standard monocoque construction, the structural 
of wings is stiU in a state of flux. This view was expressed by 
Mr. T. P. Wright, Director of Engineering of the Curtiss-Wright 
Corporation.! Although his company appears to he producing only 



Fig. 116 . Consolidated “PBY” Centre Section 
(Integral Fuel Tank) 

{Official U.S. Navy photograph) 


stressed skin wings of almnininm alloy, lie makes a good case for the 
use of stainless steel in highly stressed wing spars. He suggests that an 
excellent wing might be biiilt by using a single stainless steel spar 
from the leading edge back to 30 per cent of the chord, with a light 
rib-fabric cover, construction afb thereof. This view is based on the 

^ See Joum. R.Ae,S,, “American Methods of Aircraft Production,’* by T. P. 
Wright, F.I.Ae.S., F.R.Ae.S. 
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relatively low cost, the freedom from corrosion, the high strength, 
and the suitability of the material for electric spot welding. 

In the meantime, however, a typical Ciirtiss-Wright wing* structure 
is shown in h ig« 1 1 ^ • 

This illustrates the wdng root of the Curtiss- Wright 19 R. There are 
four main girders, having fiat plate webs, which run out towards the 
tip of the wing. In between these are extruded bulb-angle section 
stringers, closely spaced on the flatter and more highly stressed parts 
of the upper and lower surfaces. 

The wing profile is maintained by widely spaced inter-spar diaphragms 
of light alloy sheet, and these are riveted to the spars and covering. 
They are notched over tlic stringers. 



Fio. 117. CoriTTSS -W eight “19R” Wing Root 
( iiy courkat/ of Curtiss- Wright Corporation) 


In order that full use shall be made of the potential strength of the 
covering, the loads which it is carrying are taken out through external 
boundary angles, very closely riveted to the covering and having a 
multiplicity of bolts for attaclunent to the centre section. If this were 
not done the loads carried in the skin would all have to be transferred 
to the spars before the root was reached and therefore the inner end of 
the skin would not be economically employed. 

The under surface of the centre section of the Curtiss P 36~-A is 
shown in Pig. 118. 

The spaces between the spars are well filled with fuel tanks and 
outside these are the cavities into which the wheels retract. Although 
the under surface is thus broken up, continuity is preserved in the 
leading and trailing edges and in the upper surface, the latter being 
supported by very closely spaced stringers. The strong angle joints 
on the centre line will be noticed. 

In the Curtiss-Wright factory, the units are made up in a number of 
sub-assemblies, leaving only a relatively small amount of wox’k to be 
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done on tho master assembly jig. This allows more labour to be 
employed without overcrowding, and it is shown in the YIA-IS 
fighter ahcraft, in 'wdiich a single spar construction with a torsion 
resisting leading edge \vas used (see Fig. 119). 

Douglas. The wing construction of the Douglas D.C.2 is of a type 
which has become extremely popular in America. There are three 
spars with flat plate webs hawing extruded bulb-angle sections riveted 
to their top and bottom edges. To the flanges of these angles is riveted 
the flat skin which covers the whole wing on both surfaces. 

It has been usual to regard such a skin as being capable only of 



Fig. 120. Douglas D.C.2. Wing Hoot 
(/>’// courtesy of *' The Aeroplane’') 


taking the drag and torsion loads since it begins to buckle under any 
considerable stress. Tliis is particularly true of the upper surface which 
forms the compression side of the girder under normal air loads. Even 
if stiffened with angle oi' channel sections running laterally along the 
inside, the tendency of tlie skin to bxicklc is such that it will tear out 
tlie rivets attaching it to the stiffeners. In the Douglas an inner skin 
is fitted having closely spatx'd corrugations running from tip to tip. 
This forms a wide belt from near tlui leading edge across the top of the 
section to the rearmost of the three spars and it is securely riveted to 
the outer smooth surface. It forms in effect a series of close stiffeners 
to the surface and holds it up to a much higher stress, both in bending 
and in shear. 

The lower sxirface which is normally under tension and shear has 
much less tendency to bucJvle. It is stiffened by extruded bulb angles 
riveted inside between the spars and parallel to them. 

The method of attaching the outer surface skin is shown in Fig. 120, 
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from which it will be seen that the panels of plating are lapped over 
each other, starting from tht trailing edge and working forward. The 


Fig. 121. Glenn L. Martin Monoplane Wing Struotxjbe 
{By courtesy of the Glenn L. Martin Co.) 

large root fillets are bmlt up of narrow curved strips pressed to 
on lead-zinc formers. 



Fig. 122. Glenk L. MiETm “China Cmppeb” Wing Consteuction 

(By couHesy of the Glenn L, Martin Co.) 

if preserved by the three spars and by 
foM-and-^ di^hrag^ having laige lightening holes. 

Glenn L. Maitm. The spar (see Kg. 121) is a very typical example of 
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tti© igbtfcic© gird.6r construction whicli is Lcconiiiig popular for largo thick 
section and tapered monoplane wings. The material used by this firm 
has, in the past, been the aluminium alloy 17S, but they are now turning 
over to 24S, which has similar working characteristics to duralumin, 
but slightly higher physical properties. The channel sections are all 
fabricated from sheet in the aircraft factory and extruded sections are 
little used. In this kind of spar, the loads are all resolved into direct 
tensile or compressive end loads in the various units as in a roof truss 
or similar braced frame. The continuity of the flanges, however, reduces 
the free deflection length in each short bay and the diagonal and vertical 
bracings between the flanges can scarcely be considered as pin-jointed, 



Fig. 124. Nobthbop Wing Root 
{By courtesy of “FKgM ”) 

since their attachments consist of large gusset plates well riveted to 
each unit. The joint fittings are of welded chrome molybdenum steel, 
which are heat treated after welding. 

Fig. 122 shows the internal construction of the wing of the China 
Clipper flying boat. The bottom skin is removed to show details. The 
wing is of the box type. Corrugated sheet is riveted to the inside 
of the upper skin to carry compression. The front and rear spars 
have thin sheet webs and the bottom skin is flat, taking tensile loads. 
As most of the bending is carried in the top and bottom surfaces, the 
spar flanges are small. The spar webs are shear girders and have closely 
spaced stiffeners to reduce buckling. This wing is very stiff in torsion, the 
whole box section being in shear. The rib booms are channel sections 
separated in each case by three tubes, the rectangular panels so formed 
being cross braced. Intermediate transverse and longitudinal channels 
stiffen the flat lower surface. In the leading edge there are closely 
spaced girder ribs but no stringers inside the metal skin. If the wing 
structme is compared with the hull of this boat (see Fig. 283), it wiU be 
appreciated that the same structural principles have been used in each 
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(jase. A coiistrucjtion. was used in tlie Martin B-10 twin engine 

bomber. The wing of this maclnne with an area of 678 sq. ft. and a 
loading of 23 lb. per sq. ft. had a total weight of 2,020 lb. This is 
equivalent to 3 lb. per sq. ft. wing weight and IS per cent of the all-up 
weight of the machine. 

Northrop. An original Init entirely logical form of monoplane wing 
construction was develop(‘d for tlie Nortlirop 2h] bomber. In aecordance 
with the principle t-liat a. ‘‘stressed skin” wing must be lightly stressed, 
there were no main meinb(‘rs into whi(di the loads (‘ould be concentrated, 
The method can be dc'seribed as “multicellular.” A mirnber of flat 
wehs extended from tip to tip, tlie deeper ones liaving extruded angles 
riveted to the top a.nd bottom edg(‘s, a,nd the shallower ones being 
flanged over. To these and i-o the flanged rib plates u^as riveted the flat 
skin, which was farther stifleruHl by “omega” sections Inside, parallel 
to the spar memBers. (See Fig. 123.) 

The wing was inado in three portions, tlie outm* ones being attached to 



a centre section on to which the fuselage is built. Since the loads are 
distributed as widely as possible in the structure, tlie joints between the 
outer and centre portions v<‘r<‘ designed to accommodate this fact. 
Around the ends of tlie a-lmt ting sections Jiro flanges made from heavy 
extruded angles riveted on to the. skin. When the wings were assembled 
aflat plate, cut to the wing xu’ulile, was inserted between the flanges and 
the whole bolted tlirougli w'ith (flosely siiaced bolts and nuts. The 
joint was afterwards covered with a V-section strap, drawn tight by bolts 
at each end. (See Fig. 121.) 

The structure of this ina.e.hine a.]) pears to be very light. With a wing 
loading of over 20 lb. per sq. ft., t-he hare weight is 3,750 lb. for an all-up 
weight of 7,500 lb. This is evidently due to carotul design and the 
multicellular construetiou leruls itself t.o light members. Possible 
objections to it for a coninun’cia-l aerophine are that the division of the 
wing into small sections x>revents ilni interior being used to stow petrol 
tanks, or the iindercarriago if retractable. Concentrated loads from the 
pdercarriage or Irorn wing engine mountings would need special study 
and for the latter it would jirobably be necessary to use monocoque 
mountings of the kind described on iiago ii()8. 

Sikorsky. The Sikorsky S.dO amj>iiibian flying boat was a large 
machine with a parasol monoplane wing supported at numerous points 
by an external braced structure underneath. The wing construction was 
orthodox in lay-out. Tflierc were two deep lattice girder sioars of the type 
already described above. Tlie material was dui'alumin but the sec- 
tions used for the flanges were extruded channels, whilst the bracings 
were pressed and connected to the flanges by riveted gusset plates. The 
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drag struts, one of which can be seen in Fig. 125, were of similar construc- 
tion. An extruded channel ran between the top flanges of the front 
and rear spars and a similar one between the lower flanges. These were 
braced with pressed channel members, also attached with I'iveted gussets 
The ribs were built up from extruded T-sections for the cappings and with 
extruded channels for the bracing. A false spar carried the aileron 
hinges, and was cantilevered on brackets which continued the drag struts 
behind the rear spar. The covering was of fabric and the wing was 
braced against drag and anti-drag loads with crossed high-tensile steel 
wires in the planes of both top and bottom flanges. 

The monoplane wing of the later S 42-A type is metal-clad as far 
back as the rear spar. Behind this to the false spar, which carries the 



Fig. 126 



Fig. 127 

{By courtesy of *‘The Aeroplane*') 

Figs. 126-7. Sikorsky “S42-A” Wing Details 


aaps and aUerons, is fabric covered. The construction is otherwise 
somewhat simUar to that of the S.40. The spars are warren girders of 
extruded sections, the flanges being of semi-circular section witl 
tomed^-m lips and the bracings of extruded H sections with lightening 
holes (see Fig. 126). The bracings are attached to the flanges witl 
riveted gusset plates on each side. 

Highly stressed joints are bolted, using elastic stop-nuts. The 
spars are connected to each other by heavy drag ribs. Throughout 
the centre section of the wing, behind the engines, these drag ribs diride 
the space into rectangular compartments, which contain the cylindrical 
fuel tanks (see Fig. 127). 


The skin, like the hull which is described on page 242, is flush riveted 
^ form of rivet is used with the head recessed under- 

^h. The ri^t is put m from inside and the skin dimpled down into! 
this recess as the head is pressed flush outside. 
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Fig. 128. Vulteis “V-ll 
{By courtesy of Vultee Airo 




Fig. 129. Viilteb “V-ll” Tbail] 
(By courtesy of Vultee Aircraft) 


NTG Edge 



118 METAL AIKCBAFT OON8TEUCTION 

Vultee. The main plane construction of the Vultee V-11 series of 

mUitary aii'oraft is shown in Pigs. 128 to 13A , , „ , 

Tlie centre sectioa consists of a framework formed by the front and 



Fig. 130. Vultee “V-ll” Centre Section Rib and 
Undercarriage Attachment 
{By courtesy oj Vultee Aircraft) 



Fig. 131. Vultee “V-11” — Joint in Skin 
(By courtesy of Vultee Aircraft) 


rear spai’s combined with fore-and-aft ribs and bulkheads. The front 
spar (see Fig. 128) is of open truss construction with continuous alu- 
minium alloy extruded flanges. Both diagonal and vertical members 
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are also extruded uluuiiniu.u alloy sections. The flange members are 

extruded with deep webs which are machined back leavimr 

the gussets to which are attached the bracing mernbeis The^ve^t ^ ^ 

in Fig. OH, » bni,,. „p 



Pig. 13-1. \ ultkij II ” Lka oma EDGjij Attachments on Spar 

(/ii/ eourfi’sj/ of VuUee Aircraft) 

hSJ e1gr?S'“'' illustration also shows th, 

coTOr!d^-tri siirfmies between the front and rear’ spars arc 

wmH f corrugated spanwise to form a rectangular structure 

r^ri,!- outboard end of the centre section h 

cawies the undercarriage, the attachment fittings foi 

actuatpo upper fitting houses the worm whicl 

acmates the undercarriage retraction (see p. 284). 

ue construction of the outer section is similar to that of the centre 
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with outstanding lips riveted together. Between the spars the rib 
booms are braced with similar tubes in N>girder fashion, whilst in the 
trailing edge warren ghder bracing is used. No stringers are used to 
tie the ribs together under the fabric. 

The wing is built in one piece from tip to tip and mounted on tbe 
top of the fuselage (see Fig. 202) by four fittings, one each side at the 
front and rear spars. Conical bolts are used for making the attachment 

Letov. The cantilever wing of the Letov S32 transport is built on 
the Rohrbach system as described on page 148. The foundation of the 



Fig. 139. Farman Wing Consttiitction’ 
(By courtesy of L\UroMHliqm) 


wing is a wide box spar at the deepest section. The front and rear walls 
are lightened with large circular flanged holes. Tliese walls and the 
upper and lower surfaces of the box are stiffened witli cross' frames 
inside. Fig. 137 shows this spar, with the lower surface left off. The 
backward extensions to carry the aileron hinges may be clearly seen. 

The wing is completed by adding metal covered leading and trailing 
edges. The lengths of leading edge (Fig. 138) are attached by long 
binges at the top and bottom of the front waU of the spar 

FACTORIES), S.N.C.A. du Centre. .The 
Centre combines the aircraft factories previously owned 
by barman and Hamdot. The wing structure of the Farman 223, now 
kno'wn as the C.223, .will first be described. 

The wing structure is composed of two half wings attached directly 
fuselage sides. Bach half wing has a principal central spar sup- 
ported 1^ a smgle strut, the assembly of the spar and strut forming a 
veij stiff gmder stressed to carry aU the vertical loads. There is, in 
a 1 ion, a front spar forrning the leading edge, and a rear spar consist- 
mg of two omega sections. The three spars together carry a framework 
ot ribs and stringers to which are riveted the covering. Large fuel tanks 
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arc built into tb.6 centre section. Tlie Uittciclinient of each half wing to 
the fuselage is inade by four joints situated respectively in line with the 
front and rear spars and the two flanges of the centre spar (Pig. 139). 

The Hanriot N.G. 510 is a small twin-engine reconnaissance machine. 
The wing is in the high position and has “V” bracmg struts running 
from the inner side of the engine mounting to the bottom longeron of 
the fuselage. While tliis external bracing causes additional aerodynamic 
drag it is compensated by the weight which is saved in tlie most heavily 
loaded portion of tlie wing st.incture. Tlie undercaiTiage is lixed and 
mounted directly under the engine witii wliich it is built hitegrally. 
Some details of these may be seen in Pig. 140. 

The two spars ai*c built as plate girders halving single webs and ex- 
truded flanges. Each flange is in a single piece like a fiat channel having 
a centre double extension into which the web is inserted. At points of 
high stress additional laminations of flat plate are riveted on to the 
flange members. The web is supported at close intervals by channel 
sections backing on to the web <md riveted thereto. The way in wliich 
the undercarriage structure is incorporated witli the engine mounting 
will be seen in the illusti-atioii. 

The whole arrangement is extremely efficient structurally and should 
give great rigidity combined with light weight. The outer sections of 
the wing join on to the centre section at the outer sides of the engine 
mounting, and heavy fish plates extend outwards from the centre section 
of the spar flanges to pick up the outer spars. 

Another view of the same structure illustrating the “V” struts down 
to the fuselage is seen in Pig. 141. 

It will be seen that where the spar load is reduced at the junction of 
the external struts, the spar* itself tapers to a single attachment on the 
fuselage. 

S.N.C.A. du Midi. The 8.N.O.A. du Midi incorporates some of the 
interests of the late Dew'oitine and Liore et Olivier factories. The Dew- 
oitine Company had specialized for many years on single spar wings 
(Pig. 142) for both high and low wing monoplanes. 

In the D.332, the spar was placed at one-third of the chord of the 
section. It was made up of two flanges with a double web of duralumin 
sheet, lightened with triangular holes to form a trellis. The flanges 
decreased in tliickncBs from tlie centre to the tip to maintain an equal 
stress. Tlie vertical slats of the web corresponded to the rib positions 
and were braced across with diaphragms, front to back, the full depth of 
the spar. The oblique slats, which were normally in tension were 
reinforced on the outside with omega sections riveted on. 

For the purposes of transport, the wing was built in five parts, and 
the lengths of spar were connected together with high-tensile steel 
hinges on the top and bottom flanges. 

The spar was designed to carry only bending load, and since local 
buckling was, to a large extent, prevented, the material practically 
developed its full strength. 

Torsional loads were taken by the leading edge. This was stiiTened by 
channel members, both longitudinally and laterally, and covered with 
thin duralumin sheet. It was attached to the spar flanges, top and 
bottom, by two long hinges, through which runs a high- tensile steel wire 
of 2 mm. diameter. The leading edge was thus detachable in sections 
corresponding to tiiose of the spar and allowed easy assembly and 
maintenance. 




MAIN PLANES AND MAIN PLANE STRUCTURES 127 

Bibs of normal tubular design ran backwards from the- spar to the 
aileron false-spar. This portion of the wing was also covered with thin 
duralumin sheet in panels riveted on. 

The weight ratios of Dewoitine commercial machines are remarkably 



(/>V/ rourtn}/ oj L'AdromtuliqHc) 

high. The D,332 carried more than its own weight in disposable load, 
which points to an extremely light structure. (For the assembly of this 
wing on the fuselage, see Pig. 208.) 



Fra, 142. Dewoitine Single-spab Wing 
(By coarteHi/ of the SociiU Airormutique Fran^aise) 

This type of structure lia.s been developed by S.N.O.A. du Midi, and 
very great savings in woi’kinanship, time, and labour charges have been 
effected. 

There are two types of wing structure used on. Dewoitine lighter air- 
craft, one being similar to that of the D.332, while the other one is the 
I).520. The older type of ribs required 1,360 hours per machine, while 
the new ones require only 60 hours. 

Similar savings have been made in the spar construction, which in 
the earlier aircraft was a box section, whereas in the new one it is of the 
single web type with extruded flanges on each side. The new tyqie re- 
quires only 7,000 hours per machine, whilst the older one needed 14,000 ; 
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the economy in time resulting from tlie new methods is, therefore, 50 
per cent. 

The design of units for real production making great use of pressings, 
of spot welding, and of mechanical riveting has made this possible. The 
saving has been made entirely in the unit construction, since it was 
found impossible to make any economy in the main assembly work, 
and the extent of the improvement will have been further realized if 
one allows for the fact that the newer aircraft had the additional com- 
plications of a retractable under- 
carriage and a variable pitch airscrew. 

S.N.C.A. du Nord. The S.N.C.A. du 
Nord combines the factories of the 
late C.A.M.S. and Potez companies. 

One of their most important pro- 
ducts is the Potez 63 produced in 
large quantities for the French Armee 
de I’Air. The details and production 
methods for this aircraft liave been 
very completely described in the 
English technical press. ^ 

It is a twin-engine three-scat 
fighter-bomber monoplane of high 
performance. The structure is entirely 
aluminium alloy with a stressed skin 
covering of vedal, which is a material 
similar to the more familiar alclad. 
The wing has two spars and is built in 
three sections; the centre section being rectangular, and the outer 
sections tapered. The wing tips are detachable and bolted on to the 
spar ends. 

The centre section carries the fuselage, engine, fuel and oil tanks, 
and the retractable undercarriage. The top and bottom flanges of each 
spar consist of tapered obtuse angle aluminium alloy sections. These 
are made up in 16 ft. lengths and joined with fish plates at two-thirds 
of the span out from the centre section. 

MThen received into the factory the flanges are straight symmetrical 
sections, hut after being straightened they are set to the correct obtuse 
angle to suit the wing profile. In order to taper them to give an even 
distribution of stress, they are set up in a special milling machine which 
has a saddle type carriage embodying the cutters. The cutters revolve 
at 1,600 r.p.m. and transverse up to 32 in. per minute, depending on 
the cut. When the spar flanges have been milled they are then profiled. 
A pattern is attached to each face in turn and passed across a high-speed 
vertical cutter which is similar to a wood spindling machine. On com- 
pletion of the profiling operation the rough edges are removed and the 
driUing of rivet and bolt holes begun. Drilling jigs are attached to the 
angles and the equipment is such that 150 holes per hour can be drilled. 
The drill is of the self-centring type and the chuck is spring loaded so 
that the load of the drill can he controlled. The spar beam remains in 
the jig during the driUing operation and for the subsequent tapping of 
those holes which require it. Small pneumatic hand drills are used for 
this tapping and for the countersinking of the tapped holes. 

1 “Aircraft Production,” Ootober-November, 1939, 




Fig. 143. Potez “63” Spars 
iB)j courtesy of “Aircraft Production”) 
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The spai' webs arc: of aliiiuiiiiiiin alloy slieet and are stiffened verti- 
cally with angles whicli a,i‘c spaced about 5 in. apart at the root increas- 
ing gradually to 10 in. apart at the tip. Where extra strength is required 
the stiffeners are duplicated. For assembly the flanges and webs of the 
spar are placed in jigs and the flanges are used as templates for drilling 
the webs. The free edges of the front spar flanges point aft and the web 
is riveted to the inside or rear vertical face. The final form of the front 
spar is, therefore, a channel section. The rear spar, however, is of “Z” 



form with the top free edge pointing forwards and the bottom one aft. 
The spars are shown in Fig. 143. 

There are only seven main ribs in each outer section, four of which 
are made in two parts extending from the front spar to the trailing 
edge, the other three fi*om the front spar to the aileron joints only. 
The ribs consist of flab sheet w^ebs with pressed angle flanges. The flat 
web is stiffened by vertical angles which are spot welded by the Sciaky 
process (see page 377). 

Where the ribs are notched to allow the transverse skin stiffeners to 
pass through, the notches are stiffened by means of small pressed angles 
as shown in Fig. 144. 

The transverse stiffeners are of top hat section while in between the 
ribs there are intermediate fore-and-aft stiffeners. 

The wing tips are made up separately and attached to the ends of the 
spars. The navigation lights are faired into the leading edge of these 
tips (see Fig. 145). 
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<! N C A de I’Ouest. The S.N.C.A. de I’Ouest embodies the organiza- 
tion of'tlie Loire and Nieuport companies, and is now principally 
eiaged in the production of small single and twm engine mditary 


""“^Ttowing structure of the Loire et Nieuport 161 is shown upside- 
down in Fig. 146. The lower skin is removed so that the inner structure 

“uiG upper sketch shows the root section of the wing where it joins on 
the fuselage side and the cavity into which the undercarriage retracts. 

^ ^ The mam structural member is a 

single box spar built up of flat 
aluminium alloy sheet with ex- 
ternal corner pieces. There is 
apparently a rear spar, but it will 
be seen that this is attached to the 
fuselage by a single fitting, and 
cannot, therefore, take any bend- 
ing loads. It must be assumed 
that its only use is to assist in the 
transmission of torsional and drag 
loads. The end fittings which 
attach the main spar to the fuse- 
lage are designed with three 
tongues so as to put the main ■ 
attachment holts into multi-shear. 
Flat plate ribs at a fairly wide 



Fig. 145. Potbz “63” Wing Tip 

{By courtesy of “Aircraft Production’*) 


spacing support the skin covering and extend back to the rear spar. 
The square panels of skin so formed are supported by longitudinal and 
transverse stiffeners of omega section. 

S.N.C.A. du Sud-Est. Certain of the factories of the Lior6 et Olivier 
and the Romana companies are now incorporated in the S.N.C.A. du 
Sud-Est, of which Monsieur Mercier, well known for his engine cowling 
research, is Chief Engineer. 

They are principally engaged in the construction of largo multi- 
engined land planes and flying boats. 

The wdng construction of the Le045 bomber makes great use of 
corrugated sheet for stiffening. This practice is more common in Great 
Britain and the TJ.S.A. than in France. Various details are showm in 
Fig. 147. 

The w-ing is built in four parts, two centre sections, one on each 
side of the fuselage, carrying the engine nacelles and the retractable 
under-carriages ; and two outer sections on which are mounted the 


ailerons. 

The centre sections each comprise two spars having steel flanges and 
duralumin webs (between wRich are mounted the fuel tanks, two on 
each side), a removable leading edge and a trailing edge built in with 
the rear spar carrying the flaps. The spars are joined together by corru- 
gated sheet, the corrugations running fore-and-aft covered with smooth 
sheet. 

The outer sections are of box construction, the flanges consisting of 
panels of corrugated sheet (corrugations parallel with the span) covered 
with flat sheet. The leading and trailing edges are removable. 

The wing root attachments are heavy fittings which key on to corre- 
sponding fuselage points after the manner of a mortice joint. The 
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esponding fuselage fittings a.ppeai* in Eig. 209. The attachments for 
fhe removable leading edge are also clea,rly shown. 

^ The SE 200 built by the S.N .O.A. du Sud-Est is a large transatlantic 
flying boat of nearly 170 ft. span. Tlui wing structure is built integral 
the upper part of the hull and consists of a centre trunk of which 
the upper and lower surfaces are in corrugated sheet, and the vertical 



Fig. 146. Loiiin wt NiunroiiT '‘llU” Wing Consthugtion 


(Bi/ courtesy of 1/ A SronauMque) 

webs in stiffened flat sheet. Interior ribs arc lattice structures of square 

tubes. 

In the centre trunk, ribs of fiat sheet divide the trunk into compart- 
ments forming fuel tanks, which are situated on each side of the hull. 
That portion of the centre trunk which passes across the hull is used 
as a baggage compartment. As in the LeO 45 the leading edge is d^ach- 
able, and in the neighbouiliood of each engine it forms hinged platforms 
for engine maintenarnce work. Idie trailing edge, like the rest of the wing 
structure, is covered with vedal sheet, a material similar to alclad. 

S.N.C.A. du Sud-Ouest. The S.N.O.A. du Sud-Ouest combines certain 
of the interests of Bleriot, Bloch, Breguet, and Lior^ et Olivier. 
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They are engaged in the construction of single-engine fighters and 
large four-engine aircraft of which it has been impossible to obtain de- 
tailed information. Their factories, however, are amongst the most 
important on the French Aircraft Industry. _ . 

PRIVATE FACTORIES. Morane-Saulmer. The Morane-Saulmei 
company has been producing single-seat fighters having interesting 
features. The MS. 405/6 have single spar wings of the type shown in 

^*The^^<' is braced in torsion by diagonal ribs, across which pass light 
profile members. At each apex of the diagonal system runs a main 



Fig. 149. Mobane-Saplotee “MS 405/6” Spae Joimt Fouoinos 
(J8y courtesy of L’ A ironatUique) 


fore-and-aft rib. The spar consists of extruded flanges having a double 
“T” section and two flat plate webs attached to them by eyelets. The 
root joints of the outer section are made of high-tensile steel forgings 
capable of taking a load of 180,000 lb. in tension and compression on 
static test. (See Fig. 149.) 

Societe du Duralumin, The Soci4t4 du Duralumin was formed m 1936 to 
build prototypes of the light plane class in duralumin. One of their first 
projects was the Allan 0*4, a two-seater machine having a pusher air* 
screw mounted on the rear end of the cabin cell, the tail being carried 
on twin booms, some details of which are shown in Fig. 150. 

This illustration shows the robust construction of the centre section 
spar to which are joined the tail booms. These carry at their forward 
end the imdercarriage, and at their rear end the tail plane and twin 
rudders. The main plane construction is extremely simple. In the heavi- 
er inner end, the spar consists of a flat plate web having angle flanges 
riveted thereto. Towards the tips it goes down to a flat plate with 
flanged edges. The flanges point aft, and on the front face there are angle 
strips riveted to the web w-hich carry the leading edge. The leading edge 
is supported by built-up angle ribs towards the centre section, and out 
towards the tip these are replaced by simple pressings from flat plate. 
(vSee Fig. 151.) 

Another ahcraft which has been produced by the Soci6t6 du Duralu- 
min is the Daspect 3. This is a single-seat machine of light weight. 
The wing is carried on two tubular spars of just over 3 in. diameter, 
the front spar being in. thick, and the rear just over in. The spars 
are joined by five drag struts of round tube as well as by the ribs, the 
covering being of fabric. The front spar forms the leading edge of the 






Fig. 151, Allar “04” Spar and Rib Details 
IBti courtesy of L’Akonmtique) 
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whig and the ribs are built up of square members with 3-ply gussets. 
Tills form of construction would not be appropriate to a liigh perform- 
ance heavUy laden wing. It is, however, extremely suitable for light 
aircraft. On a high performance aircraft it would be uneconomical in 



Fig. 153 . Kellner-Bechereaxj Wing Structure 
(By courtesy of Kdlner-Bechereau) 


weight, and while the design will be particularly cheap to produce in 
small quantities, the enormous scale of modern military production 



Fig. 154 . Keluner-Bechereau Wing Jig 
(By courtesy of Kdlner-Bechereau) 


allows of such expensive jigging. that more refinement in the details is 
permissible. (See Fig. 152.) 

KeUner-Bechereau. The wing of the Kellner-Bechereau monoplane 
has, virtually, a single spar. This is in the form of an elliptical duralumin 
tube, at the rear edge of which tubular ribs are attached, extending 
back to the aileron faJse-spar. The construction of such a tube (Fig. 
153) would be extremely costly by ordinary methods. A method, 
however, has been devised which is very simple, cheap, and quick. A 
wooden mould is made as shown in Fig. 154. This has grooves cut in 
its surface to take the angle stiffeners which support the shell. The 
stiffeners are cut to the correct lengths and bent round into their 
respective grooves. The skin, made up of small plates, is laid on top and 
strapped into position. The rivet holes are marked out and drilled. 
The work is then taken down and re-elected away from the mould with 
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the certainty that the holes will all match. At this stage the internal 
diaphragms are also added, the rivets are put in and closed in the 
ordinary way. The trailing edge is fabric- covered. This elliptical spar, 
which is, of course, of great torsional rigidity, has a weight of 1*16 lb. 
per square foot. 

GERMANY,^ The early work of Dornier, Junkers, and Rohrbach in 
pioneering metal aircraft construction is well known. It is discussed in 
detail on later pages. 

The modern trend in Germany, as in other countries, is to develop the 
smooth-surfaced stressed skin cantilever wing. More recently, other 
firms such as Messerschmitt and Heinkel have changed over from wood 
to metal and their designs show that, though without great originality, 
they have adopted the best modern practice. 

An interesting point to study in both the Heinkel H:e.ll2 and the 
Messerschmitt Me. 109 single-seat fighters is the effect of aerodynamic 
and military requirements on the structural design. Both have retract- 
able undercarriages and both have guns mounted in the wings outside 
the airscrew disc. In the Heinkel the undercarriage folds laterally in- 
wards but in the Messerschmitt it folds outwards. In each case the 
wheel, when retracted, lies between the spar and the leading edge. The 
spar (in each example a single spar is used) lies far back in the wing 
section to give free stowage space. In the Messerschmitt it is 45 per 
cent of the chord from the leading edge. This leaves room for the gun, 
the muzzle of which protrudes thiuugh the leading edge, to be mounted 
in front of the spar. In the Heinkel, however, since the wheel folds 
inwards into a relatively wider wing section, the spar does not appear 
to be so far aft, and the gun (a 20 mm. cannon) is mounted behind the 
spar. 

In each case the main spar has aflat plate web, supported by vertical 
stiffeners at the rib positions, and extruded flanges. The flanges of the 
Messerschmitt are of “T” section while those of the Heinkel are of two 
angles back to back. The wing covering in each is of flat sheet metal, 
flush riveted. 

This type of single spar structure, in which the torsion is taken by 
the metal covered leading edge, is not suitable for multi-engined aircraft. 
The engine mountings break the continuity of the leading edge and thus 
in the larger Heinkel He. 1 1 IK twin-engine bomber a two spar construc- 
tion is used, the outer spars being lattice girders similar to the Dornier 
spar shown in Fig. 155. The centre section spars are conventional flat 
plate girders with extruded section flanges. These are slid into the 
fuselage between double frames and then bolted in position. The centre 
section carries the tanks and engines, and the whole wing structure is 
metal-covered with flush riveting. 

More particulars are available of the work of the earlier German con- 
structors and this is described in greater detail below. 

Dornier. The Dornier construction is illustrated in Figs. 155 to 157. 
The first of these shows a section of one of the Do X main plane spars 
at the junction with the wing strut. Although drawn steel strip was 
used in some of the earlier Dornier wings, this is constructed throughout 
of duralumin angles and strip ; but it should not be concluded from this 
that light alloy will finally supersede steel as a material for all Dormer 
main structural members. It will be seen from the illustration that this 

^ At the time this edition was being prepared it was difficult, owing to the political 
situation, to obtain adequate particxilars of German aircraft. 




Fig. 155. Dornier “Do X — bPAR joint 

(By courtesy of Dormer Metallbauten G.m.b.H.) 
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spar is similar to that used by other firms in deep cantilever wing sections. 
Fig. 156 shows the overhang, and in particular the method used to 
attain the taper at the tip. 

Fig. 157 shows the internal structure at the tip of the Do S wing. 
This consists of three deep lattice girder spars of the type shown above. 
In the longitudinal direction there are widely spaced girders joining the 
spars, forming rectangular panels which are cross-braced with wires 
just inside both upper and lower surfaces. Across these run channel 
sections (laterally) from tip to tip of the wing which carry light trans- 
verse formers of channel section. These conform to the wing profile and 
support the fabric with which the wing is covered. It will thus be seen 
that the air load passes from the fabric to the formers, through these 
to the lateral supports, and thence by way of the widely-spaced longi- 
tudinal members to the spars. For a time Dornier departed from a 
complete metal covering of the wing, and with the exception of the 
metal-covered leading edge, the wings were almost exclusively fabric 
covered. In the Do X the covering was made up in portable panels 
(Fig. 161). This subdivision on large machines not only allows easy 
access to the main structure, but fiicilitates replacement and repair. 

The plan form of the Dornier main plane shown in Fig. 162 is original. 
It has been found that, whilst the semi-elliptical leading edge gives, 
very nearly, the ideal lift distribution, the straight trailing edge sim- 
plifies the construction of the aileron controls. This is an excellent 
example of the influence of constructional design on the aerodynamic 
lay-out. of an aeroplane. 

Later Dornier aircraft, such as the Do 17 and the Do 215 twin-engine 
bombers, show two lattice girder spars of the kind illustrated in Fig. 155. 
The flanges are extruded sections tapering towards the tip. The main 
ribs are of normal girder construction, built up of channel sections. A 
flush-riveted metal skin covers the whole wing, except for the under 
surface between the spars. This is fabric-covered. 

Hamburger Flugzeugbau G.m.b.H. This company is a branch of the 
shipbuilding firm of Blohm and Voss and it builds seaplanes to the 
designs of Dr. Ing. Richard Vogt. A characteristic feature of the 
Hamburger aircraft is the single tubular spar wing, which closely re- 
sembles the Blackburn-Duncansou wing described on page 78. 

Dr. Vogt argues that tlic advanta.ges of ibis c(jnstruction are ai^parent 
at the very outset of a u(,‘vv project. Since the spar takes both bending 
and torsion its exact position within, the contour of the wing is not 
important. The leading edge is completely clear for the engine installa- 
tion, which can be made very accessible. The concentration of the loads 
in a single relatively small member allows the use of a robust gauge of 
light alloy, or even steel, to which the attachment of fittings is simple. 

For example, a catapult fitting capable of carrying a load of 110,000 lb. 
has been welded straight on to the spar shown in Fig. 158, without any 
of the elaborate structure which would have needed to disperse the 
load had a stressed skin structure been used. 

Each float is attached to a single cantilever strut mounted by means 
of a flanged coupling to the underside of the spar. 

Owing to the heavy loads in the centre section, this part of the spar 
is made of steel which is of sufficiently heavy gauge to allow the use of 
welding in assembly. Its joints are, therefore, petrol tight, and it is, 
in fact, used as a tank. In the H.A. 139 long range seaplane (Fig. 158) 
storage is thus provided for 1,430 gallons of petrol. 




Fia. 159 

Figs. 158-159. H.A. “139” Single Spab Wing 
{By courtesy of Blohm Voss) 
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The outer wing spar is built up of duralumin sheet, as shown in Fig. 
160, which makes clear the three stages in manufacture. Although the 
stress from torsion would be evenly distributed round a symmetrical 
tube, the stresses from bending are concentrated on the upper and 
lower surfaces. These are, therefore, stiffened up by means of doubling 
plates riveted on. 

The attachment fittings for the ribs are also shown in this illustration, 
and the complete assembly (without fabric covering) is seen in Pig. 159. 
One of the disadvantages of this type of structure is also apparent. It 
is not possible to use a wing which tapers straight to a narrow thin 



Fig. 160 

{By courtesy of Blohm tC? Foss) 


section at the tip since this w^ould allow insufficient room for the spar. 
The outer wing is, therefore, thicker than is now usual, except for the 
last two or three feet, in which it tapers sharply. 

Dr. Vogt claims rightly that such a structure is simple to maintain 
and repair. Damaged ribs are easily replaced, and any dents in the 
spar may be hammered out and reinforced with patch plates, riveted 
or welded on. 

Comparative weights and costs are not available. 

Junkers. As early as 1910 Professor Junkers was investigating the 
problem of applying metal construction to a thick cantilever mono- 
plane wing (see Chapter I). His first practical attempt to achieve this 
was during the War of 1914-18, when he built up a metal w^ing from 
sheet iron OT mm. thicks welded together to the required profile. There 
was no internal structure and the whole load was carried through the 
skin, which was double. The outer side was of flat sheet and the inner 
corrugated, a system which has been revived in a modified form by 
various American constructors (see page 103). The construction proved 
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Fig. 161. H.A. “139” Main Plane Spar 
{By courtesy of Domier Metallbauten G.m.b.H.) 


Fig. 162. Dornieb “Do K,” showing Wing Plan Form 
{By courtesy of Domier MetaUbauten G.m.b.H.) 
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to be extremely heavy and was abandoned. In 1917 he turned to 
duralumin and provided an internal structure of spars to carry the 
bending loads. No ribs were used and the wing was covered with 
duralumin sheets of single thickness, corrugated in the line of flight. 
This was immediately successful and the Junkers company developed 
the method bn a large scale (see Figs. 164 and 165). 

At the relatively low speeds used up to about 1932-3, the effect of 
the corrugations on the air flow was slight and the performance did 



Pjg. 163 . Junkers “ 160 ” Outer Wing 
{By courtesy of Juvkcrs-Fluffzaugiverk A.-G.) 

not suffer unduly. At the Reynolds Number corresponding to the size 
and speed of modern machines, however, skin friction drag becomes of 
first importance and the corrugated skin has now been dropped. This 
is illustrated in Fig. 163, the outer mng of the Junkers 160. The two 
main spars each have two tubular flanges, webbed down each side with 
flat sheet. At intervals the webs carry vertical stifleners which are in 
line with, and riveted to, the Z section stiffeners inside the skin. The 
leading edge which is carried on a single tube is swept back and the 
rear spar only is carried through to the tip. The under surface is cut 
away at the petrol tank and a loose panel bolted on. Tests have shown 
that if the bolts are closely spaced, such a panel contributes as much 
strength as if riveted. 

A very practical point on which the whole construction depends is 
the riveting of sheet and bracings to the tubes. By developing special 
tools it has been found possible to use short rivets at any distance from 
the tube end. The holes are drilled, of course, from outside and the 
rivets inserted, to be hammered up against a rotating eccentric anvil 
inside the tube. This is manipulated by a remote control (Fig. 166). 
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Fig. 164. Junkers “Junior” Main Plane 
{By courtesy of Junker s-Werlhe) 



Fig. 165. Interior of Main Plane, Junkers G.38 

(By courtesy of Junkers-Werke) 
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Fig. 166 . Junkers Spar Tube Riveting Process 
{By courtesy of Junker s-Werlce) 



Fig. 167 . Junkers Tubular Spar Joint 
{By courtesy of Junlcers-Werke) 


It is only by the use of thick wing sections that Junkers has been 
able to achieve a pure cantilever monoplane. The multi-spar construc- 
tion reduces the end load in each connection to a manageable quantity. 
The spar ends in the main plane are connected to the stub spars on the 
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fuselage by spherical screwed couplings (Fig. 167). These are made of 
high-tensile steel and riveted into the spar tubes. The fuselage side in 
each case carries the male end. 

Rohrbach. One of the pioneers, if not the originator, of the centre 
trunk wing was Rohrbach, who used duralumin throughout. 

In the smaller machines the front and rear vertical walls of this 
box were well lightened, leaving the plates in the form of braced girders. 
The diSerence in width between the compression and tension braces will* 
be noticed in Fig. 168. In the larger Rohrbach aircraft the vertical webs 
were not lightened out and the box spar was watertight (see Fig. 169). 



Pig. 168 . Rohtibach Wing Girder Construction 
{By courtesy of Rohrbach MetalhFlugzeuQbau G.m.b.H.) 


The plates were well stiffened with vertical channels. The top and 
bottom surfaces, which are of thick fiat sheets, were stiffened with 
external closed channels riveted on. 

To the main box girder were fastened lightly-constructed leading and 
trailing edges. These were braced structures built of channels covered 
with thin sheet metal. The fastenings were external to the wing surface, 
as will be seen most clearly in Fig. 168. 

Rohrbach main planes were cantilever for about a quarter of the span 
from each tip. The lift member consisted of a double wire cable with 
single points of attachment at each end, which was attached at about a 
third of the chord from the leading edge. 

Full scale destruction tests showed the box spar to be extremely stiff 
against torsion. 

Some practical advantages of the Rohrbach three-piece construction 
were that the wing was easy to dismantle and transport. Production was 
economical since the work could proceed simultaneously on the several 
pieces without interruption. When damage occurs it is usually to either 
trailing edge piece, which may be quickly replaced without 
affecting the main girder. 

ITAZl u Breda. Another version of the thick section cantilever 
monoplane is seen in the Breda 32. The basis of the wing is a single spar 
from tip to tip. A centre portion is bufft across the bottom of the fuselage 
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and the outer sections are removable, but the four socket joints on each 
side (see Fig. 171) provide for continuity of load whether in tension or 
compression. The spar may, therefore, be considered as continuous. 
The four corner members of this spar are cross braced with built-up 



Fig. 169. Rohrbach Wing Girder, with Leading and Trailing 

Edges 

{By courtesy of Rohrbach Metall-Flwjzeughau G.m.b.E.) 


sti'iits which make it still both in bending and in torsion. The Breda 
designers do not favour the use of solid drawn tubes, since they feel 
that with built-up members they have greater latitude and can develop 



Fig. 170. Breda 32 — Main Plane 
{By courtesy of Sodeta^ Italiam Ernesto Breda) 

the maximum stress in all parts of the material. Each corner member is, 
in itself, a box of pressed or drawn aluminium aUoy strip riveted. The 
bracing struts consist of back-to-back channels with side plates. The 
side plates have a centre corrugation to stiffen them and are lipped over 
at the free edges. Large corner gussets, well riveted to both corner 
members and bracings of the spar, fix the ends, thereby reducing the 
free deflection length on all the members when in compression. 




Pia. 170 a. Breda 32— Main Plane Spar 
(By courtesy of Societa Italiam Ernesto Breda) 


Fig. 171. Breda 32 — ^Wing Root 
(By courtesy of Societd Italiana Ernesto Breda) 


corrugated for rigidity. The form of corrugations is unusual, as will be 
seen from the illustrations {see also Figs. 219 and 220). This form of 

. all-up weight 

construction is extremely robust and the ratio -isi: 37 7 1 , 1 . u. ’ is 1-71. 


tare weight 
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The machine does not, therefore, pay for this robustness with excessive 
weight. 

Caproni. The wing structure of the Oaproni 101 trimotor monoplane 
is unusual in many of its details. 

In general lay-out the wing is conventional, having two semi-canti- 
levered spars, tubular ribs, and fabric covering. Each spar consists of 


Fio. 172. Capuoni 101— Wing Rib 
{Bu courtesy of AeA-oi^lani Caprojii Societd Anonvma) 

two tubular booms. These are separated by short vertical tubes of 
smaller diameter at regular intervals. The rectangular panels thus 
formed are cross braced with high tensile steel wires with fork ends. 
The junction of boom and bracings is made up with a low-carbon steel 
welded joint of the type shown in Pig. 247. This is soldered and bolted 


Pig. 173. Caproni Rib Bracing 
(By courtesy of Aeroplani Caproni Societd Anoninia) 

to the booms and vertical struts. The booms are made of nickel steel 
solid drawn tube. Although this is not weldable material, the low 
temperature at which the soldering is done does not affect it. 

The rib construction shows an unusual feature in the two straight 
tubes which connect the corresponding front and rear spar booms. 
These are warren braced and run inside the curved profile tubes (see Pig. 
172). A joint of the bracing and inter-spar tube is shown in Pig. 173. 
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The bracing ends are flattened down on to the main member and 
bound with steel wire, the whole being weU soldered up. It is claimed 
that this method is simple, light, and quick, but it is, of course, only 
used where the loads are small. One of the main holding-down joints 
of wing spar to fuselage is illustrated in Fig. 174. Although the spar is 
not very clearly shown, the type of node described above can be seen 
in the middle on the sloping cross member which is the lower spar boom. 
This method of construction has no counterpart in British practice, and 
might be thought heavy owing to the redundances and the extra 



Fig. 174. CAPnom 101 — Joint op Spab to Fuselage 
{By courtesy of Aeroplani Caproni Societa Ano)mna) 


material in the form of sleeves at the joints. No wing weight figures are 
all-up weight 

available, but the ratio -7 for the machine is 1*58. 

tare weight 

The fuselage construction of this machine follows exactly the same 
methods and is described later. 

Fiat. One of the best examples of the centre trunk described on 
pp. 28-29, applied to cantilever monoplane wing construction, is seen in 
the Fiat G.2 (Figs. 175 and 176, see also Fig. 222). The method is here 
used in its simplest form. The centre trunk consists of front and rear 
spars which taper with the depth of the wing, top and bottom surfaces 
and diaphragms, all of thin duralumin sheet. Leading and trailing 
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edges are added. The spars are made strong enough to take the vertical 
bending, for, although a flat sheet weh extends from top to bottc 



Fig. 175. Fiat G.2 — Main Pl.4.ne Construction 
{By courte<iy of Aeronautua (V Italia) 


wing section, it is stiffened on both sides, top and bottom, with cor- 
rugated flanges, and has vertical stiffeners to prevent local buckling. 



Fig, 176. Fiat G.2 — Main Plane Construotion 
{By courtesy of Aeronautica (V Italia) 


The diaphragms, or ribs, are flanged top and bottom to take the 
riveted attachment of the skin, and have large lightening holes. Further 
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oj^s TLe centre section is based on a biiilt-iip tubular structure of 
V b'tensile steel. The vertical and horizontal bracings between the 








Fig. 179. Polish P.Z.L. Fighter — Main Plane 

(lii/ courtesi/ of ‘‘‘ f/ A ^roiumtique'') 


spars are in Wari‘eu girdiu* foi'in, ihe short lengl hs of tube having end 
sockets fastened into tlieni by tubular riv(‘ts. 

The bare structure on its asseinbly jig is sliown in Fig. 177. An 



Fia. 180 Ceneral Aurangement or Spar in Relation to Fuselage 
Web and Flange SiTEFENKits to which are Fastened the Ribs 
Section oe Spar 


6— (A.9003) 
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impression of strength and rigidity is given, but the ratio of weight of 
joints to weight of tubular members must be very high and the machined 
fittings on the spars very expensive. 

Nardi. As in the Fiat G.18 V, described above, the Nardi F.N.305 
has a tubular steel centre section. The aircraft, however, is a two- 
seater trainer and the loads are relatively small. There are two spars 
and those of the centre section cross the fuselage in one piece. They 
are welded up as showm in Fig. 178 and little weight is used in trans- 
ferring the loads from one member to another. The only concession of 
this kind is found where the bracings meet the upper flange tube, a 
stiffening plate being welded to the boom locally. 

A similar spar used in the Curtiss Kingbird has already been described 
on page 39. In that example, however, it was used for the outer 
sections of a braced monoplane where the loading was probably much 
less. Welded steel tube wing spars of this kind are usually found to be 
heavy unless they are justified by high loading. 

The outer sections of the Nardi F.N.305 are of wooden construction 
and a discussion of them is not therefore appropriate to this book. 

POLAND. Polish National Aircraft Factory. The Polish P type, 
Fighter class, had an tmusual wing construction which presented a 
number of extremely interesting features. It had two spars of duralumin 
girder construction, normal ribs and a thin metal skin attached in strips 
from .front to rear with upstanding flanges riveted through a continua- 
tion of the rib which stood above the wing surface proper. The spar 
flanges were of extruded angle sections riveted to a flat plate web. Over 
the centre portion of the spar, round the lift strut attachment, the flange 
was strengthened by a thick doubling strip riveted on. At the rib 
positions there were flange and web stiffeners bent up from flat plate. 
These were riveted on both sides of the spar. The spar was tapered m 
every direction and the flange angles were gradually reduced in width 
and depth towards the end. Where required for compression, the upper 
flange was wider than the lower. At a first glance it would seem that 
the end load in the inner bay, due to the lift strut, would, owing to the 
curve of the spar, augment the bending moment in this length. It 
appears, however, that the overhang bending moment was so large 
that this was counterbalanced and the inner bay was only lightly 
loaded. The neutral axis of such a spar is not necessarily at the centre 
of its depth and the apparent curve may not be the same as the true 
one. 

Between the spars, the ribs were built up of angle sections riveted at 
their nodes. The upper and lower booms ran straight from spar flange 
to spar flange and carried above a strip of duralumin sheet which cou- 
formed to the wing contour and extended above it sufficiently to 
provide a foundation for the skin riveting mentioned above. 

In some of the later Fighters of this type, the method of attaching 
the skin was altered and instead of having external riveted seams, 
which stood above the surface at the rib positions, the covering was 
laid on flat, the laps being riveted directly through the rib flange. The 
corrugations were also omitted, leaving an entirely flush surface. 



CHAPTER IV 

FUSELAGES 


The methods which luxve beeri employed oi* a-re possible for constructing 
fuselages are extremely diverse. Let us first eoosider tlie purposes of a 
fuselage and the forces acting on it. 

The forward end is designed to carry an engine, except in certain 
twin- and multi-engined aircraft, where it becomes merely a fairing in 
front of the pilot’s cockpit. As an engine mounting tlie structure must 
be extremely rigid and capable of withstanding the tln-ust and torque 
reaction of the power unit in addition to its weight vertically, and side- 
ways when the machine is banked over. Owing to its position it is 
liable to more damage tlian any i^art of the machine, excejDt the under- 
carriage, in bad landings. The engine mounting should, therefore, be 
easily replaceable, a condition wliicli has additional excuse when two 
or more different types of engines might be alternatives, each requiring 
a different mounting. Hot only must it fulfil these requirements and 
carry the engines satisfactorily, but it must also do it in such a way as 
to leave all the vital parts easily accessible, ddie cowling, and possibly 
radiator, must be attached to it, and all tlui engine equipment, such as 
filters, controls, fuel, oil and wuiter pipes, and ignition wires, fastened on 
by clips. 

The engine mounting is separated from the fuselage proper by a 
fireproof bulkhead of thin asbestos board, sandwiched between alu- 
minium sheets. Coining now to tlxe centre portion, we find it acting as a 
bridge between the engine loads in front and the tail loads behind. 
Through this centre section the whole weiglit of the aircraft must be 
carried to the main planes when in flight and to the undercarriage when 
landing, whether on one wheel or both. This part of the fuselage is the 
nerve and brain centre of the whole machine. In it are contained the 
pilot and all his controls, the fuel (unless it be in tlie wing), the passengers 
and cargo if a commercial machine, and the military equipment if for 
war purposes. Tlie interior must be as clear of cross bracing and other 
such structure as the commercial or military requirements dictate. The 
outside, which acts as a weather protection to the people and goods 
carried in the machine, will be pierced with cockpit openings, doors, 
windows, canqera and bomber’s hatchway, and the like. 

The rear end of the fuselage must cazTy the tail and transmit its 
loads to meet their reactions forward. These loads will be vertical from 
the tail plane and elevator, horizontal and torsional from the fin and 
rudder, vertical and possibly tor.sional from the tail wheel. 

Finally the fuselage as a whole must be a streamline shape with fair 
lines from front to rear, and without excrescences, hollows or other 
obstructions to the air flow. It must be of as small a cross-sectional area 
as is consistent with its contents. 

Such are the functions of a fuselage. Turning now from its functions 
to its qualities, the first consideration appears to be that it must be 
light in proportion to the work required of it. This quality, however, 
must be tempered with other and possibly contradictory ones. Weight, 
or the lack of it, is not everything. The structure must he strong, rigid 
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and robust. Some thought should be given to the duties which the 
aeroplane is to carry out. An interceptor fighter wliich in war may he 
obsolete and liable to replacement after a few hundred flying hours is 
in a different class from a commercial freight carrier, which may still 
be working hard after five or more^ years’ service. In the first case, 
weight and performance are of more importance than initial expense or 
maintenance costs. In the second case, robustness becomes a serious 
factor, and some sacrifice is to be made in getting it.^ 

Robustness and maintenance considerations, then, are qualities 
which may react on the weight of a fuselage. Only experience of any 
particular type of design can teU the designer which parts must be 
stiffened up to withstand rough usage. It would be obviously wasteful 
to stiffen up all members irrespective of their work. 

The next* important problem is that of production, considered in 
relation to the number of machines to be built frona the design. Large 
quantities may make kaborate details more economical, and the appar- 
ently simple fitting may be expensive when more than one are required. 
This may sound paradoxical. Consider for a moment a wiring shackle 
such as is illustrated in Fig. 455. If a thousand were required, the cost 
of making dies for a drop forging would be small when spread over that 
number. If only one is required, it may be knocked up from plate and 
welded at a fraction of the cost of the forging dies. But in large numbers, 
the production of the bent plate fitting could only increase in proportion 
to the number of workers engaged in making them. No law can be 
made on the cost of manufacture. It depends on the plant available 
and the size of the order. And the design must accommodate this 
fact. 

Finally, there is the question of replacements. A structure might 
be both light and robust; easy to maintain in service and cheap to 
produce, yet, when wear or damage occurs to a part of it, most difficult 
to repair. The fuselage may be one of a large batch in which it was 
found both cheap and hght to use special high-tensile steel bolts. Should 
a single one of these be damaged when the machine is operating a long 
way from its base, the aircraft may be put right out of service for weeks. 
This example is admittedly an extreme one. Nevertheless it indicates 
a type of mistake which is too often made. 

Considering all these functions and qualities desirable and necessary, 
it is not surprising that the methods of tackling the problem should 
be as diverse as the number of designers who have attempted to do so. 
But these methods submit to classification, and will be dealt with under 
main headings with variations of each. The two principal types into 
which fuselage structures may be divided are — 

(а) Monocoque. 

(б) Braced structure, with an unstressed fairing or covering. 
There are many subdivisions of these classes, and many, too, which are 
border-line cases with features of both. 

In recent years the number of aircraft with monocoque fuselages 
has far exceeded any other type. Yet the exceptions, and the reasons 
put forward in support of them are so important that they justify very 
serious consideration. 

^ The late Mr. Guilonard, Cliief Engineer of the K.L.M. Air Lines, claimed that their 
Fokker equipment cost a negligible amount in maintenance and tliat macliines were 
still satisfactory after many years’ service. Had they been of lighter construction, 
the profit from the small extra pay load would have been al:)Sorbed in upkeep. 
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Monouoquk 

The monocoque fuselage has been devised to do iho greatest amount 
of work with the smallest number of members. It is undoubtedly a 
niosfc attractive proposition to build a structure in which every part 
is doing more than one job. The idea in its simplest form is to have a 
hollow metal shell which shall be of streamline shape, and which carries 
all the loads imposed on the fuselage. And a shell of this shape is well 
fitted to do so. Being circular or elliptical in cross section, it is ideal 
for carrying engine and tail unit torsion, and quite satisfactory for 



Fig. 181. Int35Uior or ‘'Shout” Valetta 
(By courtesy of Short Brothers (Rochester and Bedford), Ltd.) 


bending loads, especially when the skin is thickened up to points of high 
stress. 

The nearest approach to the theoretically efficient shell was in some 
of the machines, such as the Silver Streak, Satellite, M^^ssel and Spring^ 
hok, built by Short Bros., Ltd., in the years 1923-25. After that the 
type in its purest form was left behind in England and the skin dropped 
in importance. It was found diiUcult to build lightly yet robustly 
without some sort of framework inside. Thus, as the skin became less 
important, the framework became more so. An example which serves 
to illustrate this point is in the Short Valetta, a float seaplane produced 
in 1930 by the firm which pioneered metal monocoque construction in 
this country. A photograph showing the interior of the rear fuselage 
is reproduced in Pig. 181. 

The big loads from the main plane and floats were taken on to a very 
strong cross frame of the box girder type. The skin of 20 to 22 s.w.g. 
duralumin sheet was stiffened at close intervals by longitudinal stringers, 
which not only stabilized it, but helped very considerably in carrying 
the vertical and side loads of the tail unit. 
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Fig. 182. Spabtan Cbuiseb Fuselage 
(By courtesy of Spartan Aircraft, Ltd.) 

very accessible. The complete absence of wire bracing entirely removed 
theNvork of rigging the fuselage in service. 

As the skin became of less importance so designers tended to make it 


Fig. 183. Spabtan Cbuiseb — Intebiob Stbuctube op Fuselage 


(By courtesy of Spartan Aircraft, Ltd.) 


thinner. In the example just considered flat sheets were used. But 
when a thinness of 24 s.w.g. is reached in duralumin, the sheet is 
unstable in flat expanses and cockles up at the slightest strain. How- 
ever, by the subterfuge of ribbing or corrugating it, even thinner 
gauges may be made comparatively robust. 
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Another similar example is taken from the fuselage of the Spartan 
Cruiser. This was a low wing monoplane in which the main plane was 
built in one piece and passed through the fuselage unbroken, except for 
the leading and trailing edges. The cut-away for the plane is to be seen 
in Fig. 182, and also the attachments, three of which were situated on 
each side. 

Whilst the “metal-clad” has a great overall rigidity it is not suit- 
able for taking big localized loads unless specially stiffened. In this 
machine, therefore, the side panels of the centre portion of the 
fuselage were braced structures, and strong frames ran to the main plane 
attachments, so that the lift reactions were not taken directly into the 
skin. Towards the rear end, however, there were only transverse frames 
and bulkheads to preserve the cross-section. There were fewer longi- 
tudinal stringers than in the Short Valetta, but the skin had corrugations 
from end to end at intervals. 

The centre engine mounting was of normal construction, and was 
attached to the front end of the fuselage by four bolts. Tins again 
caused a concentration of loads, but the diagonal bracing of the internal 
structure ran right forward and the skin did not take primary load 
here. At each point of concentration and junction of the diagonal 
members the skin was not considered adequate for gusseting, and an 
additional doubling plate was riveted on. 

The material throughout this construction was “Alclad” and the 
rivets of duralumin. 

More recently, however, there has been a noticeable return to the 
conception of the pure monocoque. This is illustrated in the Bristol 
143, a low wing cabin monoplane (see Figs. 89 and 184). The concen- 
trated loads at the wing roots are taken by carrying the two ma-in spars 
right through the fuselage from side to side, gripping each between the 
webs of a double frame, which may be considered as a vertical extension 
of the spar to the top of the fuselage. Closely spaced stringers run across 
the two double frames fore and aft along the fuselage. At intervals 
there are transverse hoops or frames, which are riveted to the skin. 
They are notched to allow the stringers to pass through and there 
are no connections between the two except that provided by the skin. 

The spacing of the stringers and frames is dependent on the thickness 
of the sheet and its curvature. Failure will most probably occur in 
buckling due to compression. The buckling stress may be expressed as : 

Jc =z a, constant 
E = Young’s modulus 
d = diameter 
t = thickness. 

Thus, where the fuselage is sharply curved in cross section a higher 
stress will be developed. On the relatively flatter sides of an elliptical 
cross section as shown in Fig. 184 the buckling stress would be lower. 
This accounts for the absence of stringers round the top and bottom 
of the section and their relatively close spacing along the sides. 

It would thus seem economical both in internal stiffeners and in 
riveting to use curves of small radius and to avoid flat surfaces. At 
the same time this will involve double curvature and panel beating 
unless a straight taper is used. In the following pages, many examples 
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!h^' views of designers on tliis question, 

z.-id-rnii-.e:- «>: strength and cost, a siiglit amount oi 
n the i;'T:y wrinkles which are usually found in an 

d. the rirjiioeoque and metal-covered fuselages ciosek 
I.- I h'di- in ti.eir co] struction, and readers are referred 
to Chapter V for further remarks 
relating to the subject. The 
riveting of such structures is 
dealt with in Chapter IX. 

A point of difficulty in fuse- 
lages of this type lies in their 
stressing. The distribution of 
stress in the skin and the 
strength which may be developed 
in it are difficult to solve mathe- 
matically, although empirical 
formulae have been evolved. It 
is not difficult to make a structure 
which is strong enough, but it is 
not easy to say when it is an 
economical one with every part 
doing work to the limit of its 
capacity. A full scale test there- 
fore becomes necessary, with all 
its attendant expense and 
trouble, particularly if unforeseen 
failure occurs at an early stage 
in the test. In the large pro- 
duction of a type there is more 
argument in favour of proof 
testing, since all fuselages sub- 
sequent to the first may be 
modified in the light of the ex- 
perience gained in the test. 

If i;':*: fir-’-Iage is small the rig may not 'be unduly complicated. A 
Bristol fuselage was tested as shown in Fig. 1S5. The front end of 
the m n.ooirj.f T-Tt::n was held in a strong girder frame, the attach- 
ments being tk: .ugh the same fittings as are normally used for the 
rnaui j.f.ancs and engine mounting. A strong channel representing the 
stern p-c-st was rigged at the rear end. An up-load was applied to this 
ti.rcagn xi screw jack, the downward reaction being taken on a weigh- 
Ir: Ige. The test could then be carried either to a proof load or to 
-tra The proof load required by the Air Ministry for civil 

ah traft- i- the specified unit external load multiplied by 62*5 per cent 
. ^p-cihrd ultimate factor. This load must be held for one minute, 
during ani after which the component must still be airworthy. 

The test may then be continued until the load reaches full factor -- 
2 ' rr u - which lepresents the worst case occurring in flight, aUowing 
■: r, t:- .•r.al h-eing thicker and the workmanship better than standard. 
Ti'.is had must be carried without collapse. 

But if the test- is being made not for airworthiness purposes but for 
design data, it should be carried through to destruction. Any parte 
- HarAbook for CivU Airaraft, A.P. 1208, Design Leaflet Bl. 
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n-iiich coUapse may be patched up and the test continued. Both 
redundancies and weakness may be found in this wav, and the effects 
of cockpit and other openings studied. ' - * - » 

The illustration shows the form of the test to represent the ease of 
ap-load on the tail. Pin and rudder loads apply both direct hendin™ and 
..jKion. These might be represented by turning the fuselage on T, ? 
side and applymg the screw jack under some point alone °the ree- 



t fiG. 185. Bristol Monocoqtte Fuselage — Test Rig 
{By courtesy of the Bristol Aeroplane Co., Ltd.) 

cliamel girder offset from the centre. la both cases the actual load 
applied is equal to the weighbridge reading minus the weight of the 
screw jack. 

The duralumin monocoque fuselage of the Supermarine S5 Schneider 
Trophy racer was also proof loaded. The test is shown in progress in 
Hg. 186. 

The fuselage is supported through the wing root fittings on a trestle. 
Shot bags representing the engine and tail loads are applied as graTity 
Jorces at front and rear. In each case the loads pass into the fuselage ah 
the same fittings which transmit them in flight. They must he in 
equilibrium to prevent the fuselage overturning. 

The problem was simpler in the later Short constructions. Here is a 
framed structure which responds to mathematical treatment, though 
it is stni doubtful how much strength is contributed by the skin. In 
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[ rs-vejil wlh'it width of skin may bo taken; 
io ffirders and frames, and what is its vah 
s may be carried out- on a sample pan 
list met ion is proceeded with. The expen' 
he results fairly conclusive. It is impH>.sif> 
rules ill this matter, since insufficient, dai 
d each different fuselage creates its 


Ts «jf Britisii and foreign iiionocoq ur* >1 
n this chapter, the longitudinal striugors 
strip inembers of angle or channel snrt 
ecuiioniy in weight might be given by 
I to an investigation at the Royal Aire 


■dAiiiKi: S5 Fuselage — Test Rig 
ef (Aviation)^ Ltd.) 


Famborougli. from which some very iiiterestiu 


ing the use of tubular stihigers were, firsts. 
;anding flanges or flanges riveted to the skin, 
.1 and torsional stability ; and secondly, that 
s of solid dra^vn tubes are generally superioi 
jf the same mateiTal. 

?ries of panels using a representative range m! 
with both the thiimest practicable skin anil 


died are quoted — 

ci was directed towards the estimation of Hit' 
' circiiiar cylindrical shells reinforced with tubular 
ge of tests is representative of cylindrical shells 

, “summary of the Present State of Knowledge Kegardmg 
bv H. L_. Cos; also, “Some Developments in Aircraft 
r-.i. -.hurn. Fi.Ae.S-, July, 1934, and “Notes on the Strengtii 
"tVeihai'e, Jezirn. B.Ae.S., April, 1936. 

Compression Tests of Panels with Tubular StiffenersC 
n l B. G. Dickens, Ph.D. (R. & U. No. 1830). 







FUSELAGES 


165 


;jft, in diameter with 28 s.w.g. or 18 s.w.g. skin thickness, stifFenerl 
bv various sizes of tubular stringei's spaced at 4-04 iu. cii'cumferential 
pitch, i.e. 28 stringers per circle. The ring pitch in all cases is assumed 
to be' 12 in.” 

Tlie author’s conclusions are as follows — 

‘^Constructions incorporating solid drawn tubular stiffeners arc 
lighter for a given strength or stronger for a given weight tiiau 
eonstructions incorporating stiffeners formed from strip material. 

“Comparative tests of panels with tubular and extruded angle 
stringers indicate that constructions using tubular stringei's are 
15 per cent more efficient on a strength/ weight basis than construc- 
tions using extruded angle section stringers of similar material and 

weigiit. 

“Within the present range of tests it has been shown that for a 
given skin thickness, pitch and weight of rings, an increase in the 
weight of tubular stiffeners produces a directly proportional increase 
in the failing bending moment of the complete cylinder. 

‘‘From the results given it is possible to estimate with reasonable 
accuracy the bending strength of circular cylindeis of any radius 
and skin thickness stiffened by any of the sizes of tubes included in 
the present series at any given circumferential pitch, provided the 
rings or transverse stiffeners are adequate in stiffness and of 12 in. 
pitch. The results of a few^ tests on constructions incorporating one 
size of tubular or extruded angle stiffener indicate that 25 per cent 
and 50 per cent increases in the pitch of rings produce relatively 
small decreases in failing stresses. 

‘'The stress developed in unstiffened curved duralumin sheet is 
given by the simple relation — 

Stress in tons/sq. in. = 1,040 thickness of skin radius, for values 
of thickness/radius up to 0*003 in.” 

So far there is no published evidence of any aheraft constructor 
having taken adv^antage of these test results. The gain to be had from 
them must be w^eighed against the difficulty of riveting the skin to small 
diameter tubes, particularly wffiere these are curved to conform to the 
fuselage profile, and also the danger of hidden corrosion inside the 
tubes. If these difficulties can be overcome by the use of **pop"’ or 
explosive rivets, and by anodic treatment, then it would be v^aluable 
to compare a specimen fuselage built in this way with one of more 
conventional construction. 

Armstrong-Wllitworth, In most stressed skin fuselage structures, 
the longitudinal stringers run unbroken through the transverse frames, 
which are notched to receive them, and the skin is riveted to both 
stringers and frames. In the Armstrong- Whitw^orth Whitley, however, 
the ordinary transverse frames are simply hoops running across the 
inner faces of the stringers. The skin is thus attached only to the latter 
and the amount of riveting is greatly reduced. 

The stringers, which have very little curvature, are of ‘"top hat” 
section with both flanges attached to the skin. For the transverse 
frames, which have considerable curvature, an “omega” is used, this 
being easier to bend than the “top hat*^ (see Fig. 187), 

The Whitley fuselage is not truly monocoque except at the rear end. 
There are four box girder longerons which gradually taper out. Heavy 
transverse frames are provided where the separate front and rear 
portions of the fuselage are joined to the centre section. 
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A iMiij >ijJ» eu34ipaitiiient extends from the pilot’s cockpit i-o soinr» 
^ ^ tiic eeiitre section. Thus, over this length the structure 

>- ij*i oval siielL and depends on the cabin floor to tie it 

1. 1 Thi.- of sheet metal corrugated from side to side. 

eenii*' ai of the fuselage, to which the nose, or cabin, portion 



iiG . 1^7. Aemstroxg-Whitwokth Whitley” Feselag-b 

: By cmiTtei^ of ‘^JFTzg^F’) 

‘ •“* .ittache-d is actually paid of the wing structure 

'I I .1-, -''r.oeu un page IS. 

De HsTiilaillia D.H. 95 iFlumingo] has a monocoque fuselage 

.LTtiuct^i ~n::rtr.p cr aiuminiiim alloy. It is made in two detachable 
tri'j vg wnieh extends J&om the nose to behind the pilot’s 
s-eccnd imm there to the tail. 

^ iLr n .a- T . ft’.cn IS sno^n m«Fig. 188, and is built up on a framework 
iramefe ^01 channel section. Each frame is pressed from 
^ in snort lengths which are overlapped and riveted 

* c ! V- 2 T,i ! he ecmp^ete frame. There are no longitudinal membei^ 

‘Av r th.^L ^ >:ngle chctiinel along the bottom of the windows. In this 




Fig. 188. de Havelland “Flatviingo” Front Fuselage 
{By courtesy of the de B.amLland Aircraft Co. Ltd.) 


The advantage of this system in preventing congestion of labour is 
obvious. 

The main portion of the fuselage is, of course, more complex, particu- 
larly where the single main plane spar passes through and is joined to 
it. The spar, which was described on page 84, is a lattice girder, which 
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anchored down on to a strong frame, the joint being shown at B in 

Picf. 189* 

The frame is a girder of double channel sections, back to back, witii 
w)|ates riveted to both flanges. At the top it broadens out to form a 
fiase for the spar attachment which is made through a forced box 
titting, bolted on. The skin covering of the fuselage is cut round the 
lower flange of the spar and then riveted to a special web member 
hitroduced into the spar bracing. 

* Another strong frame is provided in line with each of two auxiliary 
>pais in the wing, the forward one of these being shown at 0 ixi Fig. I Sb. 
These auxiliary spars do not themselves pass thi'ough the fuselage. 

The ordinary lighter frames of the centre and rear fuselage are of 
channel section, notched to allow the extruded bulb-angle stringers to 
pass through unbroken. A point of practical interest here is that in 
cutting the notches a small tag is left, this being bent up and riveted 
to the stringer. For theoretical reasons it is not necessary to attach 
the stringers to the frames as all the stress can be carried from one to 
the other through the skin. The tag, however, serves to lioid the 
stringers in position during the building of the structure, before the 
skin is put on. One of these tags can be seen in the lighter frame in 
detail C, Fig. 189. 

Keel members and specially stiff frames are provided under the 
cabin floor to protect the passengers and the structure if it should be 
necessary to make a forced landing with the undercarriage retracted. 

The shell plating is of “Alclad’^ sheet laid on in narrow longitudmal 
strips, with single riveted overlap joints along the stringers. 

Fairey. The fuselage structure of the Fairey Battle is to outward 
appearance of clean but conventional design. There are closely spaced 
transverse frames which are each pressed in one piece from aluminium 
idioy sheet. They are of angle section, but the inward pointing flange 
is rolled over to stiffen its edge. 

It is in its longitudinal stiffening that the structure is unconventional . 
So stringers are fitted, but the shell plating is laid on in narrow 
lapping strips and one edge of each plate, the under one in the lap, 
tlanged over and then curled back. This forms, in effect, a stringer 
but it is economical in material iind saves rivetmg (see Fig. 190;. 

Each length of plating must, of course, be broken owing to the 
difficulty in supplying and handling pieces of sufficient length to go 
from end to end of the fuselage. The joints in the lengths are made at 
transverse frames and a short single riveted butt strap is inserted 
under the joint. One piece of plating is riveted through both the flange 
of the frame and the butt strap, the adjoining piece through the strap 
alone. In addition to the flanged edges of the plating there are also 
four main longerons over the centre part of the fuselage, but these die 
out before the tail is reached. They are of tt section, extruded from 
aluminium alloy. The upper ones carry the deck edge round the pilot’s 
and gunner’s cockpit and the lower ones pick up the wing root. 

One of the problems in a monocoque fuselage is that of installing 
the equipment. In a braced structm*e covered vflth fabric or loose 
panels, this does not arise since the work is done through the open sides 
before the covering is put on. In the Fairey Battle the pilot sits right 
over the leading edge of the wing and the most complicated equipment 
is in his part of the cockpit. This portion, from the front wing spar 
position forward to the engine moimting, is therefore made as a braced 



li'iA I . A I HCR AFT COXSTRI-' CTl ON 

-.ru| th*/ not put ou until the equipmeiit 

- :he .^quipmeiit, wiring, piping, etc., are 

”, ilu> ht'ibre being installed so that as little 

.T p indtit- the fuselage. 

Fa*3‘e ^ T' construction of the Haiidiey-Pagtf 
^ t!.e way ill which the practical 



a'2. 


and 
t la".' 


liCts-p man 


aufacture can be solved in the drawing 
,jj2^sideratioiis are left c^iitirely to tlie woi-ivs 
elaborate and expensive jigs and tools, after the 
.n-mpl-ted. The nerformanee. the ratio of the useful 
* albun weiaht, and the laLiirary efiect-iveness of this aircraft 
A. n vcith ethers of its generation are such as to show that the 
..’inplct*- i.u-operatioii can be succe^fol. Aircraft design is 
n of mathematics, aerodynamics, and the theory of 

' IT om Would imagine if one studied the curricula followed 
rh < are beiiid trained as designers. 

vi th- Saiiipdcn is split up into three main units, a nose 
ISn includes the pilot’s cockpit, a centre portion to the trailing 
- wuiu iilier. and a rear portion. Of these, the centre and rear 
>? fuith^r split down the centre line forming port and star- 
Eiwh of these hve pieces is made separately up to the 
a the equipment has been mounted on them. They are then 
uctmr in a tinai assembly (see Fig. 191). 
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r..,;.: L' f.^i- tliis method and iheiv do Ui- 

-■■• .o-!’ ■■■• !n -O' a-ii:— ■IMadvaniaues. It is po.-sihle rmpl-v 
:.n\ n.* ’a-n »-n Mi- vo^:k at lia,' >aine time and thus to iiauvase t»l 
-dur*! !., inn-rlur is eompletely accessible hjr i-ivcth- - 
-a : !h’- nt wiring, hydmuiie pipe lines, equipmeu! aP 

It:., i iiJ-n.-'nana^'ability is given and the repair 'ddumai^vt 

..... r. :: ’a ikh. 1‘cl. ih*- details of the coiLst ruction are 

a* r..L Ti.- t.d. -kii^ is riveted over an internal struetati- 
iiai.-vr!-- rna..— and ajnjitiniimtl stringers. The frana-s aiv l,i 
i.nte'l * : ' iL’ '*-vil«.n and trie >tringeis? are each made up of two 
OM. !-ack tM back, te* furrn a “T"’ section. The edues uf 

fr, j.a- - .k!*- '-UileU over «9iie into the other. 

iin-- between the halves of the rear fuselage is slwmi. 
’!,s I iidiuiA detail of the illustration. The strip of siiell nktlne 
Lit ta.'* ]• int i- left wide and an angle section riveted on the outside. 

t-d^'r : : tire -'Leh is tlien turned up to lie along tiie vertical 
a.»' Mir a!,ul-a A V " >Hcii«Ui L pul over the Joint when the halves 
* bnaiai.t tr?ii>qiicr and lix^As are t|-H*n put right through the sh 


Aniericaa Monoeoques. Boeing. The lh.jeing Aircraft Ckuupany haw 
u - exr.jeiiri'ce hi tlie desigix of large aircraft; in fact. 
} :.i - !r -w ‘Ucei grating exciusive-Iy on these. A very iiiterestiii’^ 
p- : I rv-.fl. ted by thivt members of the Boeing design staff is quoted 
e.v* rda: i\v .>uiiie of the problems which they have med.d 



•-■-que fuselage de>igii tliere are several items of more 
•h.g i.ntvreM. witli large airplanes care to obtain 

!vi-iis !::d iiuiuity -s be|it.*vcd to be essential. In scaling- up 
!? hi- nlf h. the tail >ui-faces frequently iiici'ease in moment, 
than tiie ait or eiid oi the fuselage increases in sizo 
na.kos for iiecivased torsional frequencies, and tu 
n u.iii.o I'.^iduy tui' iuselage skin thicknesses must oiti'n 
*’ ‘-■-g ‘-U: S-* ivquiivd by lim dictaies of strenglh aluue, 
■' b’ 'he.j loud to become higher in the large ah- 

.■rau.-f^g.4. ^thiS, cal-e must he taken to pi-uvide adequate 
- : .^tifieiiei’s, adequate end cojinectious for stiffeners 

-r pojXi^hAi tor stress concentrations at critical spots. Cut- 
>aor>, wiiaiuws and access must receive their share of st udy, 
e .>iawvn liiaT a reinforeemeiit around a cut-out consisting 
paten ar.d a ffame of close section with good ties to tk 
tgieners can give all that is required in the -way of streiintl 
p'-. The use i.f longerons is more or less reminiscent ' of 
a*gf* uoigii in the past, but if used judiciously longerons 
'tv.- M,- vxtvllent purpose of providing load carry-tliroiidi 
. ucuf iqeiiings and distribute concentrated loadings intu 
vu: m*-m*?Coque structure. 

nv aure ^reinforced shell fuselage, analysis methods for 
.iVe py inis tune become a matter of mere routine due te 
im.il loll ui test uata over a period of years. The methods, 
.-t t.ike into account the crushing or column characteristics 


M V ‘ r' "-T p**'**g^ sr.a l-on.'-traeiion of Large Aircraft,” bv R. J. Minshail, 
‘ pre^vnted to the National Prodiietioii Meeting of the 

“ :u-r at Lus Angeles, October, 1936. 
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of the stiffeners and the amount of compression skin effective in the 
application of the beam' formula. There is one pleasing characteristic 
of a fuselage: Its extreme compression stiffeners may fail and the 
structure still take more load due to the pick-up of adjacent members 
less distant from the neutral axis. The considerations for shear are 
riot so simple, and the allowances a designer must make should be 
in keeping with the tension field characteristics of the covering. If 



Fic. 192. Final Assembly Work on a Boeing 307 Stratoliner 


{By courtesy of the Boeing Aircraft Company) 

high-tension fields are present, these are not to be overlooked, but 
there is no point in penalizing the stiffeners or riveting unnecessarily 
by applying extreme Wagner beam (tension field) ideas, the skin 
purposely made reasonably thick to provide proper stiffness charac- 
teristics." Tests have indicated that stiffeners receive load according 
to the amount of skin ^^T?inkling, paper thin skin pro\dding one 
loading extreme and thick skin the other. The amount of allowance 
to be made must at the present time be largely up to the good 
judgment and experience of the designer.” 

The fuselage of the Boeing 307 Stratoliner is illustrated in Fig. 192. 
This fuselage is of circular cross-section to stiffen it against the 
effects of internal pressure when the cabin is supercharged. It will be 
seen that the skin is laid on in longitudinal strakes and that the panels 
fonned by the transverse rings and longitudinal stiffeneis are sub- 
stantially square in the most heavily loaded centre part of the fuselage. 

GoasoMated. While the Consolidated Aircraft Corporation is 
principally known for large flying boats, they are also constructors 






I'iintinnoiLs longitudmal strengtli along the upper 
! .4?: ti.f Where this is crossed by the transverse riiip 

>!j.,v£Lr-r* aie put into the channel in line with the rings, fn 


FUSELAGES 


175 


to these longerons there is also at the top of tiie fuselage a 
, lit iiHious girder to maintain the strength over the cockpit operiing. 
v'its rear end, opposite frame 13, this is tapered off into the skin by 
'ilat strip which passes diagonally to the top of the fuselage across the 
four frame spaces. Between the rings this is dimpled. The centre 
ration of the wing which was described and illustrated on page 107 
fiisses continuously across the bottom of the fuselage. Opposite the 
two main spars are two strong fuselage frames, the front one of which 
gopes backwards at the rear end of the pilot’s cockpit. To the tops of 
tbe two spar frames is attached a welded tube crash pylon, the purpose 
,>f which is to protect the occupants should the machine overturn in a 



Ftg. 195. Glei^:n L. Martent Monocoque Fuselage 


{By courtesy oj the Glenn L. Martin Co,) 

ibrecd landing. The transverse rings are all of channel section witli 
initward turning flanges riveted to the skin. 

Curtiss. The internal structm^e of the fuselage of the Cuitiss-Wright 
Model 21 is shown in Fig. 194. 

This is stiffened with widely spaced transverse rings of channel 
section pressed from flat sheet. They are notched to aHow the more 
closely spaced longitudinal stiffeners to rim through in unbroken 
lengths. At the top and bottom of the structure, where the stress 
concentration is higher, the stiffeners are more closely spaced. These 
stould be compared with the Bristol 143 fuselage shown in Fig* 1S4, 
where the smaller radius of the fuselage cross-section at the top and 
bottom w’as thought to provide sufficient additional stiffness against 
buckling to remove the necessity for stringers. The stringers of the 
turtiss 21 are extruded bulb -angle sections. 

Gleim L. Martin. The monocoque fuselage is becoming increasingly 
papular in the LT.S.A., where its use has largely superseded the welded 
tubular fuselage at one time so favoured. A typical example from the 
Glenn L. Martin Company is illustrated in Figs. 195 and 196. The 
aJuinkdum alloy skin is laid on flat to an internal jhamework. No corru- 
ptions ai‘e used, but the shell is well supported against buckling. The 
kternal structure consists of hoops, which give the fuselage its trans- 
Terse shape. These hoops are pressed from alu m ini um alloy sheet in 



.’.ii.sAK AIUI‘1;AKT CONSTKUCTION 

' ' . liu’ht ‘-uiiit- liok'S. Tiiei'e are ima niair 

’ ^ \ ’* ■ . ^ lla* front bulkhead to the te.:; 

y ^auih-r'iuWiiit'tliale luiigitudiiials. Thes*^ ai-** rlo>-h 
* r*- ! .^Criij-ntem wia*re the bending stresses, due t!r 

All the stiileriers are in the fun-; 



; :■ : .1 . I ■ ^ ^ . !d abtix Moxocoque Fuselage — Ixte rn al Structub e 

.'Sj,' courtesy of the Glenn L. Marim Ca.) 

, t , : : . V,- . L.uinedrr, round-backed, with two flanges riveted tv 

d.- :• .f -.3:n*^e. necessary to have cockpit openings in a 

! d ' 't tL> kind, and it will be seen that in the shape of the opening 
’’h-n- .*;c a >:^up cornels and that the edge is beaded with a \dde 
h.inje rijht rceuiid. The continuity of strength is preserved 
I he h^- ader i-^Uigitudinal stlffenei‘s, akeady mentioned, which mn 
huiut:: f tht^ machine close to the cockpit opening on each side. 
XL- :a.,ttuL-h i- -mmimuni alloy, 24S, which is similar to duralumin but 
of ihglily idgher physical properties. 
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icortlirop. Tiie wing construction of the Nortluop 2E bomber was 
bs^Tibed on page 115. It was shown that the loads were widely dis- 
and that there were no concentrations of stress. The fuselage 
built on to the top of the wing, which runs through unbroken. Oppo- 
jtf. to each of the main plane spars a ring frame is Ijuilb up in the 



Fig. 197. Details of Northeop Fuselage 
(By courtesy of FlighV and 'The Aeroplane’') 


fuselage and well bracketed to the spar. These frames are « >t chaune 
M Z-section, whilst in the rear end of the fuselage rounded Z-sectiun 
frames are used (see Fig. 197). 

Xo separate stringers are used, but the plating is put on in narrow 
strips, one edge of each being flanged inwards to form a longitudinal 
stiffener. The frames are notched to allow the stiffeners to pass through. 

A simple form of retractable step gives access to the fuselage. This 
is shown in Fig. 197 and consists of a square sectioned step which slides 
in a square tube bolted inside to one of the frames. 

Vultee. The fuselage of the Vultee V.ll is of semi-nionocoque con- 
struction. It diJEfers from conventional practice in that there are no 
longitudinal stringers (see Fig. 198). 



yiKlM. roX>TUrmON 

i^nd hii!khea<is are forged in tiie drop 
‘ ^ ’“f i- with plaiii aluminium alloy ^^heet riveiei! 

,, ^ ^ i,^i;ifoived by formed longerons ie» carry 

* 3 . * a.t these points- and rouiid (lie door k 

o, V ^see Fitr. Ibb), which provides a stroiiu: 




Im, Vn-TEE “V-ll'" AIonocoqee 

■ Bi> fourtegy of Vuitee Aircraft) 



:,-Ei. Tl-s.' const niction of one of the main bulkheads to 
is attached is shown in Fig. 200, from which it 
a’ ti.v miiic loads are carried dowui the whole bulkhead, 
f fergings is also clear and is consistent with the wing 

e^i page IIS . 

IE iA the fuselage are two fore-and-aft vertical bulkheads 
wei' surface of the wings is attached. These form runners 
.eic.plane can slide should it make a forced landing with 


u:; h :^v;ii.aEe up -see Fig. 201). 

Ozethcslov^ui Mosocoiii^. Avia. The fuselage of the Avia 51 high 
EE :e :: >T-Iar- is of mixed monocoque” construction. There are sis 
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Fig. 199. Vultee '"‘V-ll’' Cockpit Openes^g 
{By courtesy of Vuliee Aircraft) 



V^XTEi: -V-ir’ Main Fi-selage Bulkhead 
i;_. f"-'- of Vultfe Aircraft) 

I AU' FjF:*-r rhaiinel j-tringers whicli are broken at tlie biilk- 

F- ati-, !' wLieh tliere are seven. Fig. 202 shows three of thes^? 

at the engine mounting and the others opposite to 
fi-r.t :i--d rear snars respectively. The wing attachment fittings 
above and on page 124: can he clearly seen, 
the main bulkheads are Z-section hoops mounted on the 
ii e'f the -trii-g^rs. and not in contact with the shell plating.^ This 
plating is applied in longitudinal strak^ and riveted, to both stringers 
an 1 











Fig. 202. Avia 51 Monocoque Fuselage 

(By courtesy of Ada) 
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French ^lonocoQnes, 



S.N.C.A. duMidi. The fuselage of the iJe woitinH 
•L- -howii in Figs, 203 and 2U4.- This machiiie h 
Li.-^ ilrui s eoiist ruction. It has a monocoque with 
,.n hi thin flat sheets. The internal structure 
■hUAi the section of the fuselage gradually 

%';h:n to a narrow ellipse at the stern. Shallow 
;s:v in Ail olid to end and are slotted into the 


* TV^ i> bro.ken at the main plane spar, which runs right across. 

It e.iu’e is also carried through the fuselage, and there are 



ViQ. Dewuitini: D.33 Duking Construction 

/o oflf£ SAiiti Aironautique Fra7iC(iise) 


'^v. -h-’i on c^acli side, which can be clearly seen in the 

fhiivtra! lou. Fig. 2u3.'- 

S.H,€.A. du Nord. The Potez t>3 twin-engine tlnee-seat rnonoplaiie 
h;- log'll i-iiiit P.A the Freneli Aniiee de FAir in large numbers. The 
w:!,.: -trujtuio wjs described on page 12S. 

The coLtre of the wing is built up into one unit wdth the centre 

3 s ^rt ■' »f t f: is^dage. The tail end and the cockpit portions of the fuselage 

.ii- bii,.. ,in<i attached to the centre unit in the final assembly 

^ the con^truetion, 

.\ loi'n « f the t'ontre fuselage is showui in Fig. 205 and a joint 
1 i * r A^<v>A^e flame and a stringer in Fig. 206. 

Th’ -’'t"-: ture is a straightforward and orthodox monocoqiie. The 
ate of Z-section and the stringers of angle section, 
th - Li tie; I --mg continuous and carried through notches in the frames. 
At a small angle piece connects the two. 

The met bed of rr.- vi-ilng a gunner’s cockpit is shown in Fig. 205. A 
dw'Ohie angle passes round the edge of the opening to stiffen it and to 
carry the pane! stresses round the gap. 

At the end of each portion of the fuselage is fitted a strong right angle 
frame, to which k attached the stringers and the skin. On assembly the 
end fn.me'i cf er-ch section are bolted together as shown in Pig. 207. 
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The bolts are closely spaced and strong brackets are fitted at the 
aiain stringer points. 

In most places wbere tb,e skin is attached to main duralumin m^m- 
a double row of staggered riveting is used. 



Fig. 204. Dewoitiiste D.33 — Fuselage Structule 
{By courtesy of the Societi Aironautique Francaue) 


S.N.C.A. de POuest. The wing structure of the Loire-Nieiiport 161 
was described and illustrated on pages 130 and 131. 

The fuselage is a monocoque and the skin covering is laid on in narrow 
strips. Although this increases the amount of riveting it saves panel 
beating since such strips require only curving to the cross-section and 
will easily take the slight fore-and-aft curvature. Continuous longitud- 
mid stringers run through all but the main transverse frames. These 
stringers are of closed channel section, the outward turning flanges 
being riveted to the skin. The transverse frames are built up of flat sheet 
with double flanges, one to the skin and the other supporting the inner 
edge of the web. The lighter intermediate ones are pressed ip Z-section 
widare notched to allow the stringers to pass through (see Fig. 208). 
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SJf C.A. du Sud Est. One of the principal products of the S.X.C.A, 
Jii Slid Est is the LeO 45 high-speed bomber. 

" The fuselage is of oval cross-section and has sixteen bulkheads to- 
.^ther with numerous intermediate light frames. Two typical bulkheads 
shown in Fig. 209. 

The bulkhead on the left is a heavy one situated opposite one of the 
-..ain piune spars. A description and illustration of the wing root tittings 
disappeared on page 130. These key on to the forgings which protrude 



Fig. 20S. Loire-Nieuport “161” Front Fuselage and Engine 
Mounting 

{By courtesy of Aifonautique) 

through the fuselage sides. The forgings are carried right across the 
fuselage in channel section and thus the end loads balance out without 
imposing any stress in the fuselage structure itself. These channel sec- 
tiuus are sandwiched in between the two sides of the bulkhead, whicli 
are of fiat sheet, well stiffened with internal channels. The stringei^s 
pass unbroken through notches in the bulkheads, but a continuous angle 
runs round inside the stringers. 

One of the lighter bulkheads of the rear end is shown on the right of 
Fk 209. This is pressed up in halves, port and starboard, out of flat dui-al 
sheet. It is of Z-section and slotted to allow for the stringers. Wliere 
t ack stringer passes through, a special pressing is riveted on. This helps 
to make good the break in the strength of the transverse member, and 
also anchors the stringer both to the skin and to the frame. Theoretically 
It may not be necessary to anchor these together since the load is trans- 
ferred by way of the skin. It is undoubtedly, however, a great help in 
assembly and makes a more robust framework to which the skin can be 
nveted. A section of the fuselage showing both light transverse frames 
aM a heavy main spar bulkhead is illustrated in Fig. 210. 
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g^giJjp[gr-B6Cll6r63»U.. A p8rf6ct Bxaiiiiple of tliG moiiocufiuc is sliowii in 
• ' 211- This is the Kellner-B^chereau fuselage. There are iio 

tZ^erous, aad the load is carried entirely in the duralumin skin. A 
-'rtkod of construction has been devised which is extremely simple and 
niost of the difficulties of building a fuselage of this kind. A 
kyoden mould is made to the shape of the fuselage. Its surface is 
r^'essed with the steel-faced grooves to take the extruded T-section and 
it strip stiffeners which support the shell. These are cut to length and 
iLsertcd in their appropriate grooves. The shell is made of trapezoidal 
; :ates bent to single curvature. These plates are laid on the mould with 
iappm© edges in their appropriate positions and held with leather straps 



Fig. 210. LeO ‘*45” Wing Joint on Fuselage 
(Bi/ courtesy of U Aeronaidique) 


passing right round. The rivet holes are drilled from the outside Fig. 
2 12 ). The work is then dis-assembled and re-erected for riveting together. 
An extremely light structure results from this method, whereby all 
superfluous and secondary structure is ruthlessly eliminated. 

German Monocoq.ues.^ One of the pioneers of the metal-clad struct tire 
Wi-is Professor Hugo Junkers, in Germany, whose \vork is referred to 
specifically on a later page. It developed continuously fi'oni his earliest 
luiieeption to its present form. Other Geiman constructors started 
liiany years later and their ideas show i^emarkable conformity. 

Henschel, Heinkel, and Messerschmitt have now produced single- 
aid twin-engined military aircraft having smooth metal-skinned fuse- 
liiges. Dornier, whose early work on aU-metal flying boats w’as oientioned 
.M page 3, now builds land planes also, with fuselages entirely in the 
liiodern fashion. 

Whatever a constructor may have to do in the nose and centre sectioii 
of a fuselage to suit wing structure and cockpit requirements, it is to 
the rear end that one looks for his basic design. The external and inter- 
mI limitations imposed on his work are less here and he has only to 
produce a clean aerodynamic form of sufficient strength to carry the 
t-ail loads. 

^ At the time this edition wa.s being prepared it was difficult, owing to tlie poiitieal 
fijtuation, to obtain adequate particular of new German airerait. 

7 — (A.9003) 
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U the work of all these constructors one finds a smooth inotal-clad 
,^-ictiH‘e of elliptical cross-section tapering to the tail unit. It is ilusL- 
:-:veted and lap joints in the skin are usuaUy joggled to give a iiai 
% the Messerschmitt Me. 109 the transverse laps were so arrancred tha* 
*he external edge of the lap pointed forwards, hut it was carefully filled . 



Fig. 212. Kellner-Bechereatj Fuselage — Buildixg Jig 
(By courtesy of Kellner- Bechereau) 

The internal structure consists of transverse rings, across the face of 
wMeli run the longitudinal stringers to which the skin is riveted. In t lie 
homier Do.215, the Heinkel He.lll and 112, and the Messerselimitt 
Ml'.lOf). these rings are of Z-section, while the stringers are of sciTi;ire 



Fig. 213 



Fig. 214 Fig. 215 


I By courtesy of ^' The 
Aeroplane^’) 


By courtesy of “ The 
Aeroplane") 


(By Courtesy of " Th 
Aeroplane") 


top liat’’ section. In the Dornier, the two outstanding flanges are 
iiveted to the skin (Pig. 214), hut in the others greater economy in 
riYeting is achieved at the expense of structural efficiency by reversing 
tie section so that only the centre web is riveted to the skin (see Fig. 

213). 

Their positions are changed round in the Henschel Hs.l26, in that 
the transvet'se rings are of “ top hat ” section and the stringers of Z-section 
me Fig. 216). 



M Frr A l . AI nCB \ ft constructions 

- . ... tij^ iiitAi- >iruetiii*al material appear^ te U ,, 

. :V cr , *a ^ ’v\ , A tL*' ts 4,fAii^■alu^^iill- 

'”“Ta«ke-s a'r used for many years a paiticTar 

j the outstanding feature of wliich was tie 

" revering. A typical example of triis is showi 

r- 1 ' »^p:. 

L-wever. turned over to a sniootli coTermg 
p III": aiA the fuselage of the Junkers JIMa... 



Fig. 216 . Interioe or fuselage of Juxkers JU.52 
{Bi; ccuriejy oj jEnkers-Werke) 

]'*■ -ur main !. e.-reroiis run the mil length. These are of U section, oper 
t‘.,< ti.-* inside ’jf the fuselage. To prevent deformation of the open edge^ 
'jf the loLJer lU", small bridge pieces are riveted across at intervals, h, 
:.-tvo,:e!i the at intervals of about a foot are spaced smaller 

-.u . - ntinuoiis, except where inteiTupted by windows aird 
tije d'r-.r%vav. Th«‘ stringers are of flanged U section but unlike the 
l-.tmerjns* the flanges are rivetod to the skin. The transverse shape 
A maintained l^y six main bulkheads and numerous intermediate 
ihms .f Z -ecthn. Two of the bulkheads coincide with the two 
m.dn : the wing, the centre section of w^hich is built in with the 

A cjmT.mis- )!i with the older type of fuselage with corrugated skin 
..-ws the newer form to have a more complex internal structure, tht- 
-kin f t-lng divided into much smaller panels. The change to an elliptiia’. 
sextf.-n is also noiiceable. 

Italian Monoecwill^. Breda. The Breda 32 fuselage is entirely metal- 
r-_.vt.-red. the skin haviiig the characteristic Breda ribbing to stiffen 
A, Thf internal framework, on which this metal skin is laid, forms. 
Is. itselfl a braced stmeture of channel sections. The skin might 
^ .ui'iidered i^ediindant structurally, yet it relieves the 



Fia. 217. Junkers JU.lOO l<'u.SKLA<jE 
{By courtesy ofJunkers-Fltigzeugwerk A.'G.) 
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i j,jiiiiework of stress and allows this to be of a lighter const ruction. 
tWher, it is much more permanent than fabric covering, serviceable 
-rder adverse and variable weather conditions, besides being con- 
4derably more robust. (Figs. 219 and 220.) 

IM- The fuselage of the Fiat G.2. is a metal box of duraluuiin, not 
unlike the Short Valetta described on p. 159. The conception is not 
quite that of a monocoque, since there is a substantial framework inside. 
Ta^ consists of closely-spaced frames of duralumin with continuous 
IjiWtudinal stringers of smaller depth passing across at right angles. 



Fig. 219. Bbeda 32. Fuselage Iistteeiob 


(By courtesy of Socieid Italiana Ernesto Breda) 


The frames are w^ell lightened with flanged holes, and, at points of high 
loading, such as occur at the main plane attachments, they are made 
much more robust. The frames which correspond to the front and rear 
spars are built up in box form and have small diaphragms at intervals. 
Immediately behind the rear spar on the starboard side, is the entrance 
icK)r to the cabin which is reached by stepping on the trailing edge of 
&e centre section. The comers of the door opening have large radii 
Mpported by channel stiffeners. This counteracts the tendency of a 
erack developing where there is a sudden change of section and is very 
mnud practice. (Figs. 221-2.) 

A later Fiat machine, the G.18 Y, has a very similar fuselage struc- 
ttire to the G.2. The only noticeable differences are that the multiplicity 
of lightening holes in the transverse frames is avoided, and that the 
upper portions of the frames are pressed in one piece instead of being 
Joined at the corners by the triangular brackets shown in Fig. 221. 

The Material of the Monocoque. The fuselages here considered have 
been of aluminium alloy sheet, which, by reason of its better mass/ 




Fig. Bhepa 32. Fuselage e'xdeb Coxstruction 

" \'tf J/ of Soeleid Italhvm Ernesto Breda) 


rilAFT CONSTHUCTIOX 

tFan isuy avaiiable grade of st 1-^1 
. E,.iV 'ne quite uiistabie in tlie nn>'ih, 

’'jri*hibits the use of tliicker gau'^^es 


r^'^rtias structure are mostly drawn or rolieii 
are now being widely used. 
nr-Llualiy prove the best material for mono- 
cost can be reduced and the corrosion 


'Ived, it would alter the wditde conception of fuselage design 
|iure -h<di tu be built without any substantial iiitemal 


Bn Ai-ED .^TKUCTVRE Fuselages 

Tir* briiCi-il fuselaiie in its various forms is still a very popular 
: f structure. It Is developed in several different w'ays, which may 

classified into — 

1 . Tubular steel structure with wielded joints. 

2. Tubular structure with mechanical joints. 

3 . Drawn strip structure. 

Tlie essential idea in all these groups is that the fuselage is a beam 
consisting four comer members or longerons braced either^by struts 
ani wires or by struts and tubular tie members. The whole is covered 
with fabric to/aet as fairing and to protect the occupants from wind 
and weather. , 

1. Tsfenlar Steel Structure with Welded J oints. Mention of the weldea 
fuselage at once brin^ to mind the name of Anthony Fokker, since 
lie more than anyone was responsible for making it so important a 
methcnd. 

Tiiere has been gi^eat prejudice against welding, particularly m 




Fig. 221. Fiat G.2. Fuselage, Internal Framing 
{By courtesy of Aeroimutica d’ Italia) 
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rr.i!: *?. But the trouble-free record of Fokker aircraft 
j.' wf rl-! Ill A the extremely small cost of their mairi- 
.ahv i-aTH that feeling. Even so, most of the 

h-'s ' tvei'Iei CMnstrjction show complications added a- 



1*22. Fiat G.2. Fuselage and Central Section 


E]^ courtesy of Aeronautka d’ Italia) 



■:vh 

W: 



uiC'te' 


y ^.'‘xpressing the doubts which are still in the minds 
nlstry and designers. In .:\inerica, on the other hand, 
opted wholeheartedly, and many of the craft built 
. pied frcxiu Fokker practice. 

lu therefore, be described first, followed by certain 
liieh leave been used in England. Its most strikins 
feature is simplicity and ease of modifi- 
cation. The total plant required is a blow 
lamp for oxy-acetylene welding, a pair of 
metal clippers, and a simple jig, multiplied 
up in proportion to the rate of production. 
To this must be added experience of what 
is good or bad welding, and how mifch 
distortion may be expected at each point. 

As far as possible, the longerons run in 
unbroken lengths from end to end of the 
fuselage. Limitations of tube size will 
probably mean the introduction of several 
Joints in the length of the machine. At 
these points, even though the tube may 
r from. say. IJ in. to 1 in., the ends are merely butted 
r?d rijuiid. Such butts are placed at nodal pointe irs 


FUSELAGES 


m 


The first stage is the making-np of the longerons. The next is the 
nutting together of the two side panels. The longerons are put down 
in a simple jig, in. which are also placed the vertical and diagonal strut 
tubes, whose ends are hand-sheared or milled to shaped A small 
clearance is allowed between these tubes and the longerons. As tiiev 
now lie in the jig they are tack-welded together. The side panel is 
then removed from the jig and the joints welded up. The two sides 
are next erected in their correct positions relative to one another and 



Fig. 224. Fokker Fuselage Joint showing Combination of To he. 

Plate, and Machined Bar WhRK 
{By courtesy of N. F. Xederlandsche Vliegtitigenfabrieh i 

the horizontal cross tubes added, being first tack-welded. The small 
comer hoops for taking the bracing wires are put in and eacli joint 
completed in all directions. 

A typical joint from Pokker practice is seen in Pig. 223. 

The much more complicated joint in Fig. 224 requires considerable 
ingenuity and experience to be satisfactory. Some of its outstanding 
features will be noticed. The tubes are simply butt-welded to each 
other and to a plate structure, whatever the nature of the load, whether 
it be tension or compression. In the corner of the Y where two tubes 
meet at an acute angle the welding is thick, being much lighter down 
the sides of the join. A heavy machined fitting is also welded into 
the joint, a practice which might he thought to cause considerable 
distortion, particularly as the tubes are for the greater part 1 mm. {20 
s.w.g.) in thickness. 

The method is to use two blow-lamps, one of them playing on the 
mass of metal in the fitting and keeping it hot. If this were not done 
the temperature of the relatively big mass of the fitting would remain 
too low and the result would be faulty. The fittings in joints of this 
kind are held in their correct relative positions by jigs during the tack- 
welding. In finishing the weld they are left free to expand and contract. 
It is inevitable that some distortion should bake place in the structure. 
Some of it may he forestalled by making the correct allowances before- 
hand. At certain points the fittings may be so designed that the final 
erection holes can be drilled in situ after welding. And wherever 
possible thi design should be such that fine limits on hole positions and 




' v". 1" \lil-\V TmKEE-SEAT RECONNAISSANCE SeAPLAI^E 

' Welded Steel Tube Fuselage 

■ L^: v D A. r. yederlandsehe VHegtuvjcnfabriek) 



Win. ddik Wkldei-i Steel Tube Fuselage, Fokker C VITI-W 
N. V. Si^^land^whe Vliegtuigeiijabriek) ^ 






FUSELAGES 


109 


location points are not necessary. An examination of Figs. 220 and 227 
make clear many of tlie points in the foregoing text. The particular 
joint here shown in detail would be next to impossible by any other 
method than welding. It calls for little in the way of plant and equip- 
inent for its construction, but considerable experience is, of course, 
necessary in its design and manufacture. 

The choice of steel is of first importance in the design of autosen- 
uuslv welded structures. Since a complete fuselage is^too bulky" an 



Fig. 227. Detail of Fuselage Joint, Fokkee C VIII-\V 
By courtesy of N. V. Nederlandsche Vliegluigenfabriek) 

object to be normalized on completion, the material must be one which 
does not harden up and becomes brittle after the heat of welding. This 
implies a low-carbon steel. That used by Fokker is of approxiniately 


the following composition — 

Carbon .... 

0*09-0*13 per ceiith 

Manganese 

. 0*45-0*6 per cent. 

Silicon . 

0*1-0*15 per cent. 

Phosphorus 

. <0*05 per cent. 

Sulphur .... 

<0*05 per cent- 

Its physical properties are — 

Tensile Strength 

. > 28*6 tons/sq. in. | as supplied 

Yield Point 

. > 25-5 tons/sq. in. f cold rolled 


^ Ifc is interesting to note here that there is no steel tube approved for general use 
©a mrcraft in England with so low a carbon content. The nearest are T26 and D.T.I). 
41. (See Chapter X.) 
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’V* ;.r ai-*,' induced to 

’A ' - ■ • >23 toiis/sq. in. 

' 17*8 tons/sq. in. 





Steel Tebe Fuselage, Fokkee C.V 

MiLiTAiiY Biplane 

A. r. Xederldiidschs Vlieginigenfahriek) 


s only at tiie welded ends that the lower strengtij 
mld-iengtii of a strut, where the materia! is, 
essed, the original normal strength may be taken. 


ff’,'*. Cenxbi: PonxjoN of Fuselage, Fokker C.V. 
'ydaie'-y jf y. V. yederlaiidsehe Vliegtuigenfabriek) 


F-^i :hL:r such stmctures should have no welding on the struts 

■“Xeti’Lt at :L-ir ends. Fokker uses friction clips for the attachment of 
•c-qar^^neLt. etc. — & very sound practice. {See Figs. 228 and 229.) 







Fig. 230 . Bad Joint: Too much Acetylene Used 
{By courtesy of N. V. Nederlmidsche Vliegtwigenfabriek) 

tlie struts are subject to column loading, in which case the modulus of 
elasticity is the main criterion of strength, a quantity which vaiies 
little whatever the grade of steel. Further advantages are that in some 


Fig. 231 . Bad Joint: IVIetad is Unsuitable, containing too 
HIGH A Percentage of Carbon 
{By courtesy of N, V, mederlandsche Vliegtuigmfabrie^} 

such mishap as a bad landing, the material is only bent locally and can 
be easily replaced. Again, when subject to alternating loads and 
fibration, this class of steel shows itself to be less subject to fatigue. 









'OO LITTLE WELDIisG WiBE USED 
at too low a Te:mperatube 
'he Viiegtuig 


certainly necessary to judge good weldin; 
, reproduced here by kind permission o 


Joint: Too much Oxygen Used 
*V, r. Sederiandsehe Tiiegiuigenfabrieh) 


will be helpful, and are worth considerable 
:Lis connection — 

h wliieli a welder -works is the best proof of bis 
is goijd welding; slow welding is bad because it 
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either results in the material being burnt or in irregularities. Prac- 
HcalJv speaking, too rapid welding never occurs as this is at once 
evidenced by the irregularities and uncovered spots. 



Fig. 234. Serviceable Joint 
[By courtef^y of N. V. Nederland-^clie Vliegtuigenfabriek) 


“One might say that good welding is not a primary essential, for 
the strength and reliability of the construction as such. This has 



Fig. 235. Serviceable Joint 


(By courtesy of N. V. N ederlandsche Vliegtuigenfabriek) 

been demonstrated, among other things, by the extensive tests made 
by the Dutch National Institute for Aeronautical Research at Amster- 
dam, with well and badly welded sections. The reliability of the entire 
structure is not dependent in the first place on the work of the welder, 
bat chiefly on the work of the designer, who must know from experience 
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>1.. r.. : i-' welded. He must construct logical 

1 o.V‘ :d -ilrit” Trai.-itlons especially as regards tbe thickness 
,f t. - I " !’• 1 w^'l 1 d.” 

^ Ka;:>L' an:» Ax::li. a\' Wiiiukd Fuselages. Welded constmetioD 
lUi u- tkN L- mtry many years after Fokker popularked it 
TL*>“ TiCnclruii fur tills tardiness was probably tbe use 

t oV % !_* b- any -^cperiments which were made. For there 



iUi; cmrrtesy of Flig?d’*) 

reRa.Liy were r^^r'crinients and they appeared to show that welding 
uyilte nnxeliaL-lc^. and tliat the overheated steel cracked at tlie 
provc^calion. Ti.»i point which was not appreciated at the time 
wa- iLe r>:cess:ty uf using a low' carbon steel which was malleable under 
ah cunditicns. Tb? tendency had been to use higher grade tubes, and 
movtun-tuA was in the dhection of yet higher tensile strengths and 
t.h«" cunseopurnt ihgLcr carbon content. Such tubes undoubtedly are 
4,nte uiisuiialle ft-r wt-hllng. Hence there arose a very considerable 
luejudicc against lii^-tliod. Butli the Air Alinistry and the construc- 
ts.-'! s were agreed cii tlun? point. 

Fukker aircrmt Lave, however, penetrated ah the world’s market- 
Ai.l Siiown a iciaarkable freedoni from trouble. Their per-formanet' 
proved the case, 01,^1 welded fuselages have been produced by sevei-ai 
-o' ti : ■; ; iu.it..-! British firms including A. Y. Roe & Co., Ltd.; The 
b^ I-h. vh.Lu. ■- Aircraft Co., Ltd.; and the Fairey Aviation Co., Ltd. 

Ti.e :bst if these — A. Y. Roe &: Co., Ltd. — built Fokker macliines 
licence and adopted Fokker methods for their own designs. 

F*g. god illustrates the lower main plane spar and chassis strut attach- 
ments us the ad-inetal Avian. In this case it will be noticed that the 
L-g iss«jidscd spar fitting is socketed into and bolted to the fuselage 
'vicss tube, hut that the chassis fitting is completely welded in. The 
ai-d luwer longeron tube added to carry this fitting and counter- 
u-t the un ttie spar ioint will also be noticed, together with the 

Iiilge juate beltveen the two longeron tubes. Similar methods 
i.ave hixii U 5 e.i on latter Avro machine, such as the Cadei and Tutor, 

The I’e Havilland ’welded construction has been used successfully 
on a rang^■‘ -t' machines from tbe Tiger Aloth to the larger Puss IfolA 



FUSELAGES 


205 


grid Haick Moth. It is interesting in that it shows the introduction of 
ddit ionai safeguards. 

Three joints from the Puss Moth are shown in Fig. 237. The ensrine 



Fig. 237. de Havilland ‘‘Puss Moth” Fuselage Joints 
(By courtes'y oJ""The Aeroplane**) 



Fig. 23S. de Ha%ullani> ‘‘Hawk Moth” Fuselage Joints 
(By courtesy of ** Flight** and **The Aeroplane**) 


hearers and cabin portion of this machine were made of square steel tubes 
the rear end of round tubes. The joints illustrated all occur at 
attachment fittings of main plane spars or struts. These fittings were 
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not welded as in Fokker practice, 
v* of the design lay in the use of “shear plates” 
was no welding in tension, and the addition of 
tlie loads were all taken in shear on the weldiiig. 
■> thuUiiiit more capable of staridiiig. Ao braciiiA: 
i-i'laue. tubes acting as both struts and ties, 
f-o used i!i the Hau'k Moth, though in aslightlv 
. iA>m Fig. '2o>>. Here the cross bracing of 
the tup and bottom panels was dune with 
! use struts, bolted in, and wires, thus aliowiiiLr 
t ic side panels to be made up as iiat uniu' 
kdlowed by a quick assembly into the com- 
plete structure. The ends used on the hori- 
zontal cross struts are extremely neat and 
simple, given the necessary tool. 

The Fairey method of construction makes 
use of welding, but with considerable restric- 
tions, being confined to the cross panels of 
the rear end of the fuselage. The front and 
middle portions use machined joints. 

In the rear portion the cross panels are 
relded pressings as corner fittings. These press* 
* lungeron tubes to which they are pinned or 
are thus not welded at all. (See Fig. 239.) 

'It of similar design is shown in Fig. 240. This 
of the Fairey 1 1 IF. The extension on the cross 
the rear catapult fixing. Except for the attachment to the 
- w Lc=:e juiiit is made up with wielding. The fitting provides 
: surface on the longeron and only the longitudinal eom- 
c lua-.ls are taken in shear on the pins. The engine mounting 
up with welding and a typical joint from the Fairey Fo/ 
iA'i p. uM l. 

,a- been used very extensively in the United States 
struct i'Cu a tvpical 



ar units w:ti 

eiiC’ircic' 
-lai.'icvrate j 


-•ianu h.- . wi Jt; wa> th** Curtiss 
ihcain F:u. 21 . Tla* lieavily- 

; Mid-d in tiiu cabin and 

■Auuin- Uuiia-i-s had gussets 
wa.,ddt-d 11 .. In ti:e rear portion of 
the fusulage. LoweVtrr, the connec- 
:: wtii- niad^. merely by direct 

I .itt wurl lina. Tins machine was a 
s -mi-cnntilcver Ligh-wing mono- 
idam~. an i the tit tings fur the wing 
r v^ts and Ihr struts w’ere welded in 
permanently. Unlike the Fokker 
mmstru.-'tiun, the fuselage was 
rigidly braced with tubes and 
theiv Were no wires. The mat-erial 
wtts cin'cmc-mcdvbdenum steel. 



Fig. 240 

(By courtesy of the Fairey Aviation Co. Ltd.^ 


The Mateeiai^ of British Werded Construction. Experimente 
eanird '^ut -n ehrume-molybdenum steel for welding have not proved 
eiit'uuragiiig, in spite of the popularity of tMs material in the United 
Status. It has siicwii a tendency to harden up and crack on cooling. 
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The tubes used principally in this country have been to D.T.D. 
snpciiication 41, and B.S. Specifications T35 and T45. They are all 
fi4ai'^htforward steels with a higher carbon content than the Fokker 
D.T.D. 41 has a carbon content of 0-lS per cent and is rather 
and weaker than T35 and T45, which contain 0-3 carbon. These 
are actually the same material, T45 being in the form of round t ubes 
h in. diameter, and T35 being round tubes below that size and 
c ’ch special sections as square, streamline and oval tubes. 

The plate used for wiring lugs, corner piece pressings, etc., is usually 
trt B.S. Specification S3, none of the higher grade steels being* at all 
Initahle for welding. For machined fittings B.S. Specification 821 is 



Fig. 241 . Cuhtiss “Robin” — Fuselage Structure 


(By courtesy of the Curtiss Aeroplam & Motor Co., Inc.) 


usual, although SI may be welded if the fitting is small and can afterwards 
be normalized. 

Further particulars of these materials, their constituents, properties 
and strengths are found in the tables in Chapter X. 

Air Ministry Regulations on Welding. The use of welding is 
still restricted for both civil and military aircraft, the regulations being 
given in A.P. 970 and A.P. 1208. In these it will be seen that a second 
path for the load must always he provided where a welded member 
cKicui^. The efficiency of the joints is similarly the subject of pessimistic 
assumptions. 

The use of dissolved acetylene is encouraged by the placing of 
stringent tests on gas generated from carbide in the aircraft factory . 

Specimens of each welder’s work must be examined and tested 
l>eriodically under the supervision of the A.I.D. 

In stressing a welded fuselage, the Air Ministry requires that it shall 
be regarded as pin jointed. This appears to be an unfair assumption, 
but the justification for it lies in the lower stress which is developed at 
the welded joints. In some cases a factor of fixity may be allowed if a 
strong argument can he made in its favour. 

Electric arc welding is prohibited unless special permission has been 
obtained. Electric spot welding is, however, coming to be recognized. 
The process is described on p. 374. 


^ aIETAL aikckaft constrxtction 

\V’ - ^ AKD P?.ACTICAI. CONSIDERATIONS. Some mention hai 

, vl\** Y !nade‘ t'ne Jitis used by Fokker in the building of fnselaffA 

*It > ^xtr-mAVdiiilcuit to lay down rules for Jig design. It 
* said that tlie whole art lies in one’s ability to profit by one's 

s. The simplest Jig is undoubtedly the best, and its ven^ 
lu mlPltv Lid^ - .*xt-ct of its designers experience.^ 

^ ^ ^ work during tack-welding is quite essentiai. 

T' f-*rmaVnm^-r:al 5 heavy structural steel members firmly boltei 
tr*X>^bV«, * .r Won castings. The expense of the latter is justified by bi- 
nrrducWiiu hut the- former is quite cheap and suitable for experimental 

work and sniail batches. ^ u . . 

T!''p '^ig must luive considerable rigidity to hold, the tubes correctly 
.v^^ainst''*mWenient. But expansion and contraction in heating and 
Wist not be restricted in any way. Jig for constructing the 
of a fuselage may hold the vertical struts in slides or notches 

tbWllieT may expand easily. The longerons may then rest between 
tiuW strut* ends and some solid backing member with an expansion 
jlWmWe of 0*05 to 0*10 in., according to the size of the work. No 
IniVky clamps or supports should be allowed near a welded Joint where 
Ihe mmB of meta! would too quickly conduct the heat away. A common 
Ihult is to make the removal of the finished part a lengthy process by 
the use of too many screwed-up clamps and supports. 

ITie nro-messlGn of welding to give the least distortion is rather a 
li.atter cdTrlai with each: particular job. A sound rule is that one end 
of a" tube should never ' ■ until the other is quite cold. This 

apnli^-s partieularly to redundant structures, and to ignore it is te 
c^use contraetioE cracks at both ends. This suggests that the correct 
precri-s.-:./!! to at one end of one longeron and work along its 
hef-'ie uoir.g the other. 

\Mj^n l:.e whule fuselage with both sides, top and bottom is beirg 
finally wA:h.-i Into iuie pfece, two welders may work together if tliey 
tak- l.ppositt.^ end- of the same tube, provided that there is no restrie- 
tn ntriicti a.. The position is much more complicated when we 
pass te an inuuntiiig. Only experience of the particular design 

iVtii give the best results. 

liutating Jius are frequently used and much reduce the manual lahiAjr 
el the- welder. 

Cracked Joints, which may appear after some service, may ^often U 
traced back not to faulty welding or material, but to an incorrect 
ure.-sion which Las resulted in high initial stresses being set up. 

’^indiar causes, c-perating in different ways, are at the bottom of 
Li -St ease- c f cracking. As has been stated in Chapter II, a change f *f 
takes place when steel freezes. The metal contracts and must 
ie ah- to do so. If it is restricted, the work will be faulty. The 
r-stileri^ r: may result from the contraction of other joints in the 
ri-ehau--. fr.'ii: the rigidity of the jig, or from purely local causes. Thus 
m Mitt Welding two plates together, the work should begin in the middle, 
!.■.! at the edge, to allow of a more even dissipation of heat. 

Wh'trre t!.e plates tend to pull apart on cooling, a compensating com- 
T’res^icr. applied thither by actual loading or byr heating of the surround- 
ing material may prevent cracking. 

Be<igners are frequently tempted to call for welding on both sides 
of such joiihs as tees. This is not good practice. The contraction on 
cc^rliiig of trie fl.rst side welded sets up internal stress which may relieve 
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itself in the form of a crack when the opposite is subsequently heated up. 
It must be remembered that when hot, no steel is as strong as when 

It was noted in Chapter II that the longer steel is retained at a higher 
temperature, the coarser wiU be its granular structure. Welding must 
therefore be done quickly, and the temperature not raised higher than 
Tj^ecessary. Furthermore, the torch flame must always be kept neutral. 
If a large granular structure forms up and oxygen from the flame be 
diowed to penetrate it, an intergranular fi lm of oxide wiU occur. The 
steel is then in the burnt condition and cracks are inevitable. 

A further cause of cracking may be the state of internal stress due 
to cold work on the parts before welding. This stress should be relieved 
0 T normalizing wherever possible. When the cold work has been very 
local, however, it may he sufficient to pass the flame quickly over the 
part before welding. This pre-heating should not he more than sufficient 
to raise the temperature to a barely visible red heat. 

It is not sufficient to blame the material when trouble occurs. These 
precautions are necessary and, in justice to any steel, should be observed. 
An investigation from first principles wiU show most of the trouble to 
be due to inexperience or thoughtlessness on the part of either the 
designer or the welder,^ 

GoBROSiON Protection op a. Welded Fuselage. No type of con- 
struction is easier to protect from rusting and corrosion than a welded 
structure. Once the fuselage has been welded up so that all the tubes 
are hermetically sealed, their interiors need no further thought. The 
design should allow for this and should be watched at all points so that 
there can be no ingress whatsoever. The exterior of the tubes and joints 
should then be wire-brushed to remove scale and given a coat of any 
good rast-resisting paint, which may need renewing periodically at 
points of wear. 

2. Tubular Fuselages with Mechanical Joints. British designers were 
slow in taking up the welded fuselage. But they had been exercising 
their ingenuity in other ways. Apart from the monocoque and metal 
skin structures already dealt with, they have evolved a variety of 
methods of using tubes with mechanical joints. By a '‘mechanieal 
joint” is meant one made up with holts, pins or rivets, as opposed to the 
welded joint, which is permanent and cannot be taken apart. The 
joint pieces may be either plate pressings, socket fittings machined 
from solid, or stampings machined to finish. 

Many arguments have been put forward in favour of the mechanical 
joint, and undoubtedly there is much to be said for it in its simpler 
forms. A much greater range of materials is available — stainless and 
high tensile steels, duralumin, etc. In some cases there may be an 
advantage in using tubes of a larger diameter and thinner gauge than 
would weld satisfactorily. But this must be viewed in conjunction with 
the stability of the tube wall against service and handling loads, and 
the additional weight of end fittings. 

The lahom* available and the quantity of production may be the 

^ See Aircj'oft Engineering y Jan., 1934, “Shop Practice in Welding,*’ by W. Gibson. 
R^ers are also referred to the following American sources: (i) N.A,C.A. Report 
No. 348 “Strength of Welded Joints in Tubular Members for Aircraft.” (2) ‘Air- 
plaoie Welding,” by J. B. Johnson (The Goodhearfc-Willcox Co., Chicago). (3.^ 

Cause and Prevention of Heat Cracks in Aircraft Welding,” 'k^orge, imd 

tefore Fifth National Meeting of the A.S.M.E. Aeronautics Division, Baltimore, 
lffeh’-14th May, 1931. 
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d»^ciding influence. When the quantity is large and allows the use of 
pressings and parts machined in a capstan lathe, which can be 
^mbled by unskilled labour, then a very cheap yet sound Job may 
made. This is the justification for the Hawker construction. (See 
Fig. 212.) 

The side panels are built as warren girders with flitch plate Joints. 
Either square or round tubes may be used. The squaring of the ends 
Tf a round tube is the work of a few moments in a suitable roll. It 
iq claimed that a range of six different flitch plates are sufficient for all 
requirements in any machine up to “ day bomber” size. Similarly only 
F)iir sizes of wiring lugs are needed for all horizontal and bulkhead 
paiseis, which are wire braced. The cupped bolt is a straightforward 




Fig. 243 . Gloster Fuselage Joint 
{By courtesy of "^FlvjhV') 

capstan job. The tubular rivets may be to T50 or any lower grade of 
steel, the spinning over being an easy operation. 

The assembly Jigs are particularly simple. In case of an emergency, 
espansion of production could be as fast as the supply of materials 
allowed, and if one specification were not available, several others 
could be used instead. Most of the work can be done by semi-skilled 
labour, and it is more suitable, so the manufacturers claim, than any 
other system to be handed out to sub -contractors. 

Very similar methods of fuselage construction have also been 
developed in this country by the Westland and Blackburn firms. 

A joint from a Gloster fighter is illustrated in Pig. 234. 

The corrugated section is the fuselage cross member opposite to the 
front spar of the lower main plane, and is a type already discussed in 
Chapter III. It will be noticed that the point is one of ^eat concen- 
tration of loads, which reach it from both engine and tail, the weight 
of the aircraft and the lift of the main planes, combined with a com- 
ponent of the undercarriage load. In spite of this, the design has been 
completed with commendable simplicity. There are apparently no 
offsets, and the loads, split into the two side plates, balance out directly. 
The only expensive part is the aluminium alloy plug, which is inserted 
into the spar tube, the cost lying in making it a good fit. The cheap- 
ness of the solid drawn spar tube, however, allow's of small extra expenses 
of this kind. 
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t . . . ,,, f , 4 ** .i-k *»i* weiglit problem led Boulton k- Ikiul 

.Vi> 3 w\^aVn 5 , The first great difference is in the tiib« 
ti.e aUj^'ance which must always be made for eccen- 
,7'* tube, they have introduced a new type of “locked 

hTyoriduv^-d from strip on a draw bench (see Fig. 244 L 
Steed ill a wide range of sizes and shapes in both 
li' In the example shown the tube is of high-tensile 
"/'‘h '’h "MV r, r^*y r in relation to its thickness than would be 
7*7 i d:'4w!i. The beading at the joint shifts the neutral axis 
centre towards itself, but since the tube is of 
uniform wall thickness and the joint is along 
a straight line, the neutral axis remains 
straight. Ajiv eccentricity of loading due 
to the fact that the load is applied along 
the central axis of the tube, whereas the 
neutral axis is slightly displaced, is calcul- 
able and is claimed by the manulacturers 
to be very small compared to the effective 
eiirvature of the neutral axis of normal 
solid drawn tubes. When the tubes are 
subject t-o side load, the bead is placed oi:i 
» I - sldt*. wlieFc it acts as a local stiffener. 

' B^vTtnn Paul Mail Plane, the methods shown in Fig. 244 were 

u erreat-er use of pressings instead of machined fittings. 
-"77 . 17 *7?77va/enii the fuselage. This is illustrated in Fig. 245. 
jC, .:7'7-*rr:-us were made of high-tensile steel closed joint tubes of the 
^ v-..777^e^lbed7i.bove. The vertical and horizontal struts were of round 
duVahiiuin tube, but, at the joints, the tube ends w^ere squared off. An 
!77r777d""plate with two corrugations passed round the longerons t-o 
b' .7h Vertical and iiorizontal struts. Angle and channel pieces w'ere used 
7 t 7 huuu' of the longerons. The fastenings were made witli 
whieirwere held in place by threaded spokes, 
bushes., touether with the doubling plates on the tube ends, ensured 
ih.at the bearing area was adequate. 

I iiifi lower wmg root Joints is also shown in Fig. 24o. It "^ill be 

tiuit the lift wires were carried over on to the fuselage side, where 
fr7w taken on to a wiring lug bent under the upper hinge fitting. 
In the frent portion of the fuselage, where the loads were much heawler, 

, '7: tain of the struts were of steel tube and machined fork end sockets 
ivhh* touted connections w’ere used in making up the joints. These 
attached to the tubes with the shear bushes previously 

b'-ewb-'-d. 

" Foreign Example of Tubular Fuselages with Mechpiicai Joints. Cap- 

roni. >7mL-v.Lfit similar in type to a number of earlier British fuselages 
"oiiits is that of the Italian trimotor monoplane, tlie 
f 7^ - .. : p = L Tils is shown in skeleton in Fig. 246, ^the wing construc- 
L of whh:h has already been described on page 151. 

’FLe rrmeiple underlying the structure is that welding shall be used 
for making the joints, yet Mgh-tensile nickel steel tubing, which is, 
i if not weldable, forms the material of the longerons and 

-truis. ^ 

The r<v 4 i part ui the fuselage consists of rectangular bulkhead paiieis 
with the longirrons passing through the joint sleeve at each corner. 
The^!-e X arels are all cro^ braced with high- tensile steel wires, having 





\n-rrAL MiiruMrT constructioa 

t.'- li tAi'WRrd part of tlic fuselage wliere tlif 

lioi'- c-.iiil/iierttea, has already been shown in Fig. 174 . 



hApa'^xi 101 — Skeleton steuctube 
^ i*. . if'v : .■ Cuproiii Societii Anonima) 


'.'leces are made from low-carbon steel, either tube or 
■ehle.i up in the form of a branch piece (see Fig. 247), 

each tubular member comin^^ 
into the joint being provided 
with a socket. 

Bracing wires are taken on 
lugs which are fitted into slots 
In the appropriate sockets and 
welded. Each socket end is 
machined off to a slight taper 
so that there shall be no 
sudden change of section. 
After welding, the joint piece 
is heat treated at normalizing 
temperature to remove in- 
ternal stress. It is then sand- 
blasted and tinned. The con- 
nection of the tubular members 
into their sockets is made witli 
sweating and further secured 
with bolts, 

:he si:=ueture against corrosion, the main tubes are oiled 
i tinned externally. All the tube ends are sealed so that 
no possible ingress of moisture. 

Avia. Whilst the front and rear ends of the Letov 231 
eil ebrome molybdenum tubing, the centre portion was 
tin 1 tubes, squared at their ends and jointed with cover 
I'ular rivets after the manner ot' the Hawker structures. 

-iiigleseat fighter, the fuselage was built of high-tensile 
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40 el tubing, cross braced with wires and covered with fabric. A tvpieal 
fuselage joint is shown in Fig. 248. 

' 3. Strip Construction. The same considerations which led Boulton 
t Paul to introduce their 
-locked joint” tube were 
a deciding influence in an 
I^srlier Bristol fuselage de- 
v^iini. The result was rather 
d&rent. High-tensile steel 
strip, to some such speci- 
ication as S.S8, was drawn 
in semi-circular sections 
with interlocking lips at 
their edges which were 
pulled together to form 
tubes. This made possible 
an entirely different kind 
of joint (see Fig. 249). 

Wire bracing was dispensed 
with in the side and hori- 
zontal panels, and gusset 
plates were riveted into the tube ends. 

WTiere a very big load was to be carried, the tube was corrugated 
In order to develop a higher stress. 

The details of the Bristol Bulldog (Fig. 250) illustrate how the fairing 
structure was added to the main fuselage structure. 

It was claimed for the “Bristol” strip fiiselage that a very eoiLsider- 
able weight reduction was achieved, not onh’ by the use of liigb-t ensile 



{By courtesy of “Fliyht*’) 

steel in large concentric tubes, but that the method of making the 
joints resulted in a fixing of the strut ends which reduced the stress in 
the members. 

Steel strip construction of a different type was used in the Araistroiig- 
\\Tiitworth Atalayita (Fig. 251). A number of standard sections were 
devised which were riveted together in different arrangemerit fi>riu 
channel girders. The fuselage had four longerons thi^oughout, but the 
side panels of the centre portion were warren braced, whereas in the 
tear there were vertical struts, and wire cross bracing was used. 

Where the struts were heavily loaded the sections were braced with 



{By courtesy of Avia] 
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i <:4 a TLe riveting, tlir«:>iigliurit the liiaehine, 

, . . 1/1 je'iur,<, wMcli were made wiiii 

h- ’■;' were sinipie. In the rear eial. ihM 

la— ■* ' , r*'-':*' --at-:, --.i t-- ■ :*e-m d-anble wiring lugs. Dcsubliug pUce> 

the hearing area where the shaekie hoU 
* TL* i.t .'p n- e.ttaehment joint, *4, was made up whi: 

■, ii. j. : ’ h The eeiitre portion of the 



iMjve-reii wit ii tliree-piy. wliieh was screwed to light vooden stringers. 
Th--->a in lurr., ivere lH,:;ited to liglit chainiels riveted to the main ineni- 
£ . The i-ear end was fiibric eovei-ed. 

Aie-.«tiier example of strip construction in a fabric covered fuselage 

mi— !'!om Russia in tl^e Stal 11, designed by Poxitiloff. Stainless steel 
IS tiironghont and the members are corrugated somewhat in the 
mai,.!.,* : the Bristol fuselage siiown in Fig. 249. Electric spot welding 
r- ..T 1. is use-d fur building up the members instead of tiie usual 
irv.eJt g ur the tight ^beaded Joint of Bristol. The fuselage sides foriii 
girders. Tht^ hjngeroiis are not continuous and there is a bolted 
•! it -acli j-jint. .'straight members' run across from side to side 
,it ra'. i p.int and the panels are cross braced with wires. The details 
o: tms stru.-ture indu^iing the method of carrying the floor are shown 
in Fig. 252. 

¥ickers Geodetie ComsiructioE. The principles of geodetic construction 
wem d-sciiht.‘d on page 90. The TUeZZi'n^^o?i bomber fuselage has a 
..umUi •: main transverse frames, as will be seen in Fig. 253. The 
Ir.-.cmg structure is built up on the longerons in long panels 
,md a>-»uihrhd on the transveise frames. 

Ttie t'UM * -truetuie is thus complete and may be taken off the asseni- 
jig Ur the installation of the equipment and the addition of the 
hi brie oovi-iing. 

The »-f this structure are very unusual and of great interest, 

ror eja!iipi/u tlio longenjns ai*e not attached directly to the frames 

'See Fig. 254 . 
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cross the face of tiie frame they 
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?f very thin gauge stainless steel, 
-.:.Fhu-i system 
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ulr * -f t!o.* 
a that tL. 

■K but ihe 


vx-a-tic panels are given in Fig. 25o. From this it wiii 
points of the top and side bracings aie 
introduces offsets in the loading of the 
■Jlaal .stre-.#es are probably quite small. 



ir,:!. Vu kuks -WellinCTon^’ Geodetic Fcselage 
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WA-... l«M hracins members cross, they are “ halved” into eadi 
Ti.‘- d.aige of each, which is cut away, is made good by a “'yv'. 
’sL .tud tie two bracing are connected together by two “ buthr- 

•C.-'riv ‘t,-d each to their respective member and having a bolt P^iag 
Up. iA,n_-h. The butterflies are pressed from a stantod extrude 
U-tioii. "ia- im-thod of rcdling the bracing members from flat duraluuiw 
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i2 I Mver t!ie tu|i of liglit St riiiger.'S . tiie inter- 
h:caX(^d ]jy cords. Only the main fabri- 
■ii r-'-j tiie sti-ncture. Once the fabric has been tan:* 
A t^.-'icieiiCy for it- to paill away. Tifj 

-nij.aer", a Ls cut in them ami the fahiir. 



CHAPTER V 

flying boat hulls and. seaplane floats 

Flying Boat Hulls 

'HE liasie idea of the flying boat hull is in part the same as that of the 
iikage. as described at the beginning of the last chapter. It mast 
’rffumi all the functions and possess all the qualities demanded of the 
;^lage, and to these must be added many others to suit it for its 
• .ii'ine requirements. Not only must the hull be clean in the air, but 
t'Oan when running on the water— two qualities which are rarely in 
with one another. The step and chine so necessary below could 
"veli be dispensed with above. As a floating body, the hull must 
stable both laterally and longitudinally, when at rest, In waves, 
.Oid when running on the surface. And it must be strong enough to 
u;iiistand all the air loads which are imposed on it as part of a flying 
uaehine, together with the water loads which result from its being a boat. 
Tiie hydrodynamical design, like the aerodynamical design, is too 
a subject to be included in the present book, and will only be dealt 
with in its influence on the structural design. ^ 

The Terminology of Plying Boat Hulls. The naval architects who have 
come into aeronautical work to perfect the flying boat hull have brought 
with them all the terminology of ships. Those readers who are unianii- 
liar with it may find Figs. 256 and 257 of help in understanding this 
chapter. 

Referring to Fig. 256, the overall dimensions — length, hreadth or 
Immj and depth — are spoken of as moulded when they are taken inside 
the plating or skin — i.e. to the dimensions of the moulds or templates 
froin which these sizes are laid out. 

The draft is the dimension vertically downwards from the load icater 
;b'i£ to the lowest point of the hull, whilst the freeboard is the dimerisiou 
verticaUy upwards from this line either to the deck edge igunirale) or to 
! lie lowest opening through which water could enter the hull, whichever 
-f these is less. 

The dorsal is the centre line of the deck along the top of the hull. 
Gunwale^ chine and keel require no more explanation than is given in 
the illustration. 

TmMehome is an inward slope of the side from chine to gunwale, and 
fdm an outward slope, usually associated with a steep curve towards 
hie gunwale. These two may occur on the same hull, flare at tiie stein 
nd iumblehome along the rest of the length. 

The meanings of the main structural terms will be evident from tne 
three sections. A siraTce is a longitudinal line of shell plating. Certain 
qmkes have special designations of their own. That next to the keel 
is known as the garboard strake, and the one immediately below the 
gunwale as the shear or topside strake. 

Hie Strength and Structural Design of the Hull. Unless many assump- 
tions are made the problem of determining the stresses in a hull structure 
IS extremely complex, and designers have w-orked more by eye and 
experience than by figures. 

^ See Seaplane Float and Hull Design by the author (Pitman) for the bydrodyna- 
Eilsal design. Also Marine Aircraft Design, Munro ( Pitman j. 
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lua.yA'.g U2..itrr^wii:-r pres^ui'e. An investigation on these lines, combined 
w,tn aeAinaicn tests on fuli scale panels, may be used in deciding the 
or S:a.:n lequn^ed on tlie more lieavily stressed portions of the 
piaiirng Joottimi near tbe front and rear steps. But the quantitative 
...aa winch must be catered for is still in doubt and may 
angie -ui tne V bottom. Tests which have been carried 
this c^untry^ and in America’ appear to show that the worst 

' : i&23. Tol. LXV, p. 161. 

- hX.J., l&iiy, \Vi. LXVII, p. 145. 

*1;*^ h* ^ 926, Aircraft Enymeering, Auaust, 1930. 

‘X.A^-.A. KetunXu. ^ 
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l^mding on a V-bottom hull will be of the order of 6-S lb. per square inch. 
A later American report^ put it as high as 15 lb. per square inch. 

’ The Air Ministry requirements for hull strength are stated in the 
B.A.F. Design Requirements, A.P.970, and the AinmrtMnesB Hand- 
hook for Civil Aircraft, A.P. 1208. These consider the strength of the 
attachments of super-structure to the hull and the strength of the 
iiiili itself as a beam. They also give a pressure distribution dia^am 
It) be used in stressing the planing bottom when the angle of'^V is 
between 150^ and 140°. This assumes a maximum loading of the 
order of S lb. per square inch. 

Mr. A. Gouge, B.Sc., P.R.Ae.S., has given^ a method of stressing 
any hull up to an “all-up weight” of 70,0001b. The keel, frames 
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and stiffeners are treated as beams carrying the load, wiiicli is trans- 
mitted to them by the skin. The after body takes only air load from 
the tail and is investigated for terminal nose dive. There are also 
bending and torsion, due to fin and rudder loads. But without fui! 
scale tests the strength is as indeterminate as a monocoque fuselage. 
For the light top deck he suggests taking a loading of 250 Ib. per square 
foot as a basis for the estimation of stringer and deck beam strength.. 

Experience has shown that average scantlings for a typical 45-ft. 
hull built in duralumin or “Alclad” alloy and of the foma and cem- 
ptruetion shown in Fig. 257 would be as follows — 

Shell plating . . Bottom 14 s.w.g. at front step to 10 s.w.g. 

forward and 18 s.w.g. aft. 

Sides 16 s.w.g. amidships to IS s.w.g. forward 
and 20 s.w.g. aft. 

Deck 18 s.wGg. amidships to 20 s.w'.g. at ends. 

^ N.A.C.A. Keport No. 346. 

®“The Design of Seaplanes,” Aircraft Engineering^ August, 1930. “Design ana 
Construction of Flying Boats,” Inst. Eng, and Shipbuilders in Scotland, 24tn Maren, 
1931. . . 
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: J .'ll :i step to 16 s.w.g. at ends. 

> in. IC s.w.g. amidships, tapering io 

t*j 6 in. and in thickness to LS s.w.g. 
:".rwa!-I aini 20 s.w.g. aft. Top and bottom 
;n,g: s. t in. n J in. 16 s.w.g., tapering in 
riidckness as for the keelson. The Tertieal 
plate may be lightened with ilangei 
' -kHS and stiffened by coiTugations or cIianneLs 
riveted on. 

‘i "1 ,= c'nanneis 2| in. X | in. X 18 s.w.g. back to 
i aek. riveted together, with IMn, diameter 
iihiteiilng holes in the webs. 

Z-vctions fin. X | in, X IS s.w.g. (with light- 
.ming holes} over the fore body, tapering out 
towards the step and stem. Cut at each 
''lamo and giisseted. 

: ^ in. . I J in. 16 s.w.g. amidships, tapering 
t ^ ends. 

Z---ctieii.s 3 in. z' in. 20 s.w.g., tapering 

towards the ends. Cut at each frame, and 
gusset ed, 

Z-.-*:^etio!i5 or angle.s 2 in. X in. x 20 s.w.g., 
tattering out towards the ends. Cut at each 
frame and gusseted. 

Npaeed 24 in. apart. 

Fhjor plate: iS s.w.g. with f in. tlange at top. 
shed angle | in. X | in. X 18 s.w.g. 

Cidne knee ; IS s.w.g. 

Side frame: Z-section 3 in. X f in. x 18 s.w.g. 

Beam knee: IS s.w.g. 

Deck beam : Z-section or angle 2 in. >: f in. 

20 s.w.iT. 


tL-? as dictated by the buoyancy calculations, are 

made as wa!ert;ght bulkheads so that in the event of one compartment 
being f.-jude-i the others will keep the boat afloat. The change of trim, 
dett-rmined ii. these calculations, will show whether it is necessary 
cany each bulkhead rigid to the top of the boat. 

\XheTi% «jw;rig to iiniitations of plate sizes, it is necessary to make a 
break in the keelson girder it should be made good by butt straps. 
>:.:ch breaks should, of course, occur between frames. This will give 
a:, s-prert unity fcr niaiting the changes in thickness towards the ends. 
I: vhi: hardly loe necessary to make any special provision for a break in 
ti f xt‘un ang.t-s cf the keelson, as the plating will transmit the load 
tne ir-'-ak. Cuts in the top angles should be made good by a butt 
^ ^he fire open Care should be taken wken designing 

thru such breaks occur at as widely varying places as possible. 
It ”v . 'u i 1 ? u I tint cf great weakness, for example, if a break in eacli 
ot t!u- luur angirs and also of the plate of a girder were allowed in the 
saii.e xrirue space. Kegarding the keelson as a continuous beam across 
t .o fruriU'-, It wLi he seen that there will be points of contraflexure 
w*tu ::r ceuamg moment at one-third to one-quarter of the frame spaces 
num irames. These are therefore the most suitable positions for 
nreaus in all suen structural membei^ as the keelson, even though made 
vdti. b’jtt stiaps. 
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In order that the keel plate may be easier to replace after wear and 
ilamage by grounding, it is good practice to make it an “outside? 
4 rake”— that is, to have its edges overlapping the garhoard strake. as 
sc«ii from the outside. The other strakes should be overlapped at 
their lower edges, and therefore mideriapped at their top, or “clinker 
Imilt.” All laps and edges should be double chain riveted.’^ Since the 
strakes cannot be run mibroken from end to end of the boat on account 
the limitations of plate sizes, vertical laps must be aiTanged. They 
sliould he spread apart from each other as far as possible, and there 
niust always be a complete frame space between the vertical laps of 
adjacent strakes. Nor should a lap come in the centre of a frame space, 
hot be placed as near as possible to a frame. The stiffening effect of 
the angle will then to some extent prevent the stretching of the plate 
edge under the action of the riveting hammer and stop the destructive 
dnmiiiiing that would ocem. 

To preserve watertightness the rivet spacing should nut be gi'catei* 
than four times the diameter of the rivets. The joints may be made 



up with marine glue, and a thread of caulking cotton inserted between 
the lines of rivets. Caulking is, of comse, impracticable with such tliin 
plating as is used on flying boat hulls. A point of leakage may occur 
where a vertical lap meets a longitudinal plate edge (see Fig. 25S;. 

The inner edge of the sandwiched plate should be rubbed off or 
“ scarfed with a file at that point so that the outer plate will bed 
down continuously. 

It is in the plating, perhaps, more than in any other part of the hull 
structure that the advantages of straight line construction show them- 
selves. Panel beating is eliminated and with it the process of annealing 
the shell plates. They may be used In the hard condition as supplied 
since the only work done on them is cutting to shape and drilling for 
rivets. 

Frames and stringers, etc., are now usually extruded seetituis ljut 
they may^ be produced on the drawbench, by rolling, or by toidmg. 
Here again it is an advantage to cut out annealing. If the cross-section 
of the member is simple, it may be attained whilst the material is in tlie 
soft phase following heat treatment and before age-hardening sets m. 
The reduction in cost will be very considerable. 

Contour members such as the keelson, and the dorsal at its ends, 
cannot be drawn or rolled. They are, therefore, designed as flat plates, 
cut to contour with bent boundary angles riveted on. The slightly 
curved contours of stringers may be achieved by rolling them to 

^ See Chapter IX for appropriate widtlis of laps, sia^ of rivets, and spaeiiig. 
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me off the draw bench or folder. Althougli 
--ribed later, these points are mentioned 
5 ;ce oii design. 

Lnli design is to get continuity of strength 
'trueture. As in a notched bar, any break 
r.r Sudden change of section causes a con- 
centration of stress. At the steps, there- 
fore, and at ail cockpit openings, windows, 
!;atciiways. etc., special stiffening must be 
provided to carry the longitudinal load 
through. A doubling plate should be pro- 
vided on the outside to surround any 
opening completely, and it must be 
adequately attached to both transverse 
emu Icuigitudinal members. Additiorial 
stringers or girders should be built up 
iTiside, if the opening is large, atid extend 
at least a wiiole frame each w^ay beyond 
liie opening. If these precautions are not 
observed, the concentration of stress will 
cracking and buckling of the material in the 
rv.d. The construction of the steps presents par- 
glruc-r strength must be adequate to compensate 
■:- eif strciion. Elaborate shaping is unavoidable, 

■ preserved at all corners. The usual solution 





s t' 'h. capping pieces over both the keel and cliine breaks, made 

ir.m .n-c: credible steel sheet ta specifications D.T.D. 60A, 166A, or 
ITl A, anl wielded up "'see Fig. 259 ). By using welding, thus, it is possible 
to elinJnate the pin point leakage holes which would otherwise occur. 

It will re noticed that open sections are used throughout the hull 
const ru'n ion. Tirls is most important, as it allow's every part to be 
readily accessible for inspections and makes the work of building easier 
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bv the riveting. Similarly, frames in the fore body slioold 

have their siieU flanges to the rear, and those in the aft. body to the 
front so that the bevel which is necessary to accommodate the ran of 
tlie lines shah be an open one. 

The Materials of Hull Construction. The hull, which has been here 
described, is constructed throughout of duralumin or "‘Alciad” 
aiuminitmi alloy. There is, however, a movement towards the use 
of non- corrodible steel sheet. It has already been used for the 
underwater skin, in thicknesses a little over half of the corresponding 
huraluroin sizes. This has resulted in a slight increase in weight, but 



Fig. 260a. Huxii of Blackbuen ‘‘Nile"' 
^ {By courtesy of Flight") 


even so it remains less than if wood were used. It would be rash to say 
that non-corrodible steel wiU eventually be used throughout tiie 
structure, except for flying boats much larger than any which liave yet 
been built. Very thin material would be necessary from considerations 
of weight, and it would be extremely difficult to make it robust enough 
to withstand the impact and handling loads of everyday service. 
Developments on the metallurgical side may be for the equal beneiit 
of both the light alloys and of steel. 

Hull Fittings. Steel fittings taking towing gear, under centre secti. ci 
struts and the tail unit, etc., must be non-corrodible. Since they are 
likely to be highly stressed, they must be bedded on to sufficiently stifl 
and large duralumin doubling plates to spread the stress efficiently. 
These doublings should be in two or more laminations stepped up in 
size and riveted to the hull skin over frames, which are in themselves 
specially strengthened. The steel fittings may then he bolted through, 
with the bolt heads bedding into some stiffening angle inside. Fig. 260 
illustrates the under centre section strut fitting of the Supermarine 
Southampton, 



'lirrAL AIHrRAFT r<_»NSTH I'CTiOX 

Some Exainpies of Huil Construction. Tli** hyputiietical huii jng|. 
^ hi ^rej.-ral. a typical British design. The hulls 

'c-h hy t l.e the;:* It-adiag living boat manufacturers in this 
“y h’o,- -A li ihatuie-^, characteristic of the iiidiviciiial 
1 •* C'. ” hr'A cuf "A- ;i;. '‘ctiyin^-, 

Elaekbiira. i-'ig. itiu-iKiies tiie Iiuli coiistructiou of the Biack- 
• ;;n a . i!-o ^nmiercial monophiiie, 65 ft. long. 4 

:n n c : ■ -at:. ■ A-at in- -.v ti:u usu ofeontiimous longitudinal memTjers. 



H'Ul or Sauo “Cutty Sark” uttOER Coxstructiox 
I> syjrte j »-?/ ^leisrs. Saunders- Roe, Ltd.) 




uwii fivm duralumin strip and strongly resembled the bulb 
: iamiliar tc snipbullders. The transverse frames, which 

t ivciy widely spaced, were notched to allow the stringers to 
iiibn>hen. Gussets or angle lugs fastened the two together, 
•>?:srri wa.-. as in most designs, a continuous member, the 
cut aiid attached to it hy vertical angles and horizontal 
frame webs were cut out from flat sheet, and made in 


?e?s, nvetea together, to prevent undue waste in the large 
were edged with continuous boundary angles, both 
e shell and on the open inside edge. In this design the keel 
wide and capped outside with a thick strip, the same width 

:oiii keelson angle flanges. 
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Fiauged holes were used liberaUy wherever possible in tlje wet. 
plates to reduce structure weight. 

Sannders-Roe. The Saro construotioa is in several wav^ a dLttnef 
liepartm-e from the orthodox. Prolonged trials on a number *of 
commercial types appear to have proved it satisfactorilv ^i-.. Fic« 
and 262). In the outward form of the hull straight I'iiws are'n=P.i 
wherever possible. The cross sections have no curves, e.vrept in tjs. 
deck camber, and, though the plan side proffles are curved, there 



Fig. 262. Fobwaud End of Hold of Sabo ‘‘Cutty Sark:" 

{By courtesy oj Messrs. Saunders- Roe, Ltd.) 

little or no panel beating. A reverse curvature is usual under tne euine 
of most British bulls to throw off the water. In the Saundei^-Koe huTls 
this is replaced by two straight lines, meeting at a very oblique angle. 

The principal feature of the construction is tlie absence of longi- 
tudinal stringers, a direct contrast to the Blackburn and Supermarine 
hulls. Then place is taken by corrugations pressed in the shell plating. 
These also serve to stabilize the fiat panels against secondary failure 
and “panting.” 

The frames, which are closely spaced, are built up fre’in straight edged 
floor plates with boundary angles, and parallel Z-seetions. Tl: :-se open 
sections are easily accessible, not only for riveting but also for inspection 
and drying out of moisture. 
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' -A icr. -tic-- and is nontiriuous. There is rir, 

**tL*‘i L-a^Audiiial members are the chine and 


•: A the large military flying boat, the 

‘ expected that the externa! corrugations 

/ \ ^ v':/. .-nvi', ::A -j hA’C' designs where high performance is of 


Short, 



"'n P - 
] * ‘■A - ^ 



!:i;e:ihle ihature of the earlier Short boats was 
vw.s in transverse rings instead of longitudinal 
Th»-^se rings were one frame space wide, and were 
number of fore and aft stiffeners (see Fig. 264 ). 
the -tiffeners were of a closed AAsection running 
, In the larger and later Keyii class they were 
s, witli flanged lightening holes in the webs, ami 



Fig. 2rJ3. Rear Stef, Short '' Calcutta Class 
hj j.'Ai.7tes}j -J Messrs. Short Eros. {Rochester and Bedford)^ Lid.) 


I ^c.umiity was prs-served by gussets at every frame. This would appear 
b-:- an in.piTcreir.ent. not only in ghdng greater longitudinal strength, 
’■vit alss> in red:icinu the number of inaccessible places ^vhere corrosion 

ndnli! iiiive occTurred* 

Tia3 iipp»^r p^JiTit Ti mF the frame in the Calcutta was a double channel 
: ing with floor plates added to the lower portion to the outer contour 
^ f tlie ciiiiie and bottom. The main spar frame and bulkhead of a 
lai-ger bijat is illustrated in Fig. 265. It will be seen that the spar end 
bjad ivas ea^rried thi'ough the tube across the face of the frame and inde- 
tieiidently of it. Even greater longitudinal strength was to be expected 
where, as in this case, notches were cut to allow the stringers to run 
thi^oiigii unbroken. Referring again to Fig. 264, the two transverse 
cargo battens added between each frame will be noticed. These were 
single channels notched across the stringers to preserve the shell plating 
from inside damage. They also served to stiffen the stringers against 
side buckling. An unusual arrangement of rivets will be seen in the 



Fig. 265 . Main Spab. Fbame Bulkhead, Short Flying Boat 
(By courtesy of Messrs. Sfuyrt Bros. (Rochester and Bedford), Ltd.} 




Fig. 200 . J^i rEKMAiioiu “ScArA" Hull Fhaming 
(By courtesy oj Flight”) 




Fig. 267; “Stkankaer"’ Hull Framing 
Webs and shell angles of longitudinals are intercostal. Faee l^irs 
continuous 

{By courtesy of Supermarim Aviation W orks Lid.} 
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-d, tli^juuter line being very cioselv 
■ iiiie having a rivet opposite every 
‘ wat»-r-liiie the pitch of the outer 
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fraiaeworki* of 
the sliel 
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i iiisiiioKtUsy . 

L’t boats of the Eiiipire arid Sunderland types 
^lopuieiits. Tile outside plating of the hull 
luactice and was laid on in loiigitudiiiaJ 
Were Joggled and countersunk riveting was 
shell plating and of the girders bent up from 
ST. while the heavier extruded structuial 
fiidundniuni R.R. 50. 

•his cunsimction is that the frames are continuous and 
rs are broken at- every frame. 

SuDtinnarine metal hulls are built on very complete 
both transverse and longitudinal members, to which 
■ s a-.'! ie-i :r. fore and aft strakes. 

Tie tv.pAde^amesof the Scapa are made from parahel flat plate 

Wfbs cut to the coutour with flanged edges or angles riveted on to form 

a ehaiuiel section see Fig. 2»36tcj). , . , , , ^ 

Ti e fl- >' •" 'la’-e portion of the frame which slopes down from chine to 
> ii’so of fiat sheet., with flanged lightening holes and bounded 
With plain angles riveted on. A corner gusset is added between the 
and !i- >«r portions of the frame. 

'X'.e i-entf- ^cetio^; spars of the lower plane are built into the hull 
t'"au*A wi'h wiiich they coincide. These frames are particularly heavy 
T fi’ fif 'i - • The web plate has double angles on both its inner and 
. liter eJgk. The inner edge is further stiffened with a cover plate having 
iiarsed ed-'.a. The worst local load which the spar frames have to take 
are probablv those due to alighting when all the weight of the super- 
stpuj.ture— main plane.? ai.-i ■-•ngines— acning downwards meets the 
impact iv' tiie a..‘:in.r upwards. At all times in flight these frames 

transmit the weight of the huU and the tail loads to the main 
piaiT. these loads reaching them through the longitudinal members 
Lid the si.ell plating. ^ 

Ip '•lie Supermarine hull there is no lack of longituamal stiffening, 
keelson ;Fig. 2661.^' ) and dorsal {Pig. 266 (b) ) form a girder the 


A COUIajII] 
I fit” 


ttie li'Uil. 


fa addition, there are continuous angle stringers, 
tile frames being notcbed out to allow of their passing through. Several 
c A' these st rinser antiles have plate webs added to form deep side keelson 
itirders. ^'xhe'webs are cut at each frame, and a connection made with 
small angle pieces. 

In the Siranraer hull (Fig. 267) the stringers were intercostal and 
n^.>tehe5 were not therefore cut in the frames. The shell or ^Tace” angles 
? -t the Irani es were coiitinuous from deck to chine and from chine 


to Aieei.. 

In both the Smpa and the Stranraer, bulkheads between the com- 
partments were made by plating across the appropriate frames with 
curragated sheet. The stifibiess of such plating under shear loads has 
alreadv been discussed on page 29. 

FOREIGN DESIGNS. Boeing. In the Boeing 314 the centre 
-action of the wing, out as far as the inner mounting engines, is built 
inr-egr^Al with the Imli (see Fig. 268). 

The outer sections of the main plane described on page 102 are 
at tacked at tlie outer sides of the inner engine nacelles. This is not 
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only coiu-enient structurally, but it helps in the operation of the aircraft 
because the centre section of the wing is of such size that it mav be 
used for cargo stowage. It must, therefore, be completelv accessible 
from the inside with the hull. The bulkheads opposite the fronrand 
rear spars of the wings are massive braced structures, and the metbod^ 
used in building them are clearly illustrated in Pig. 269 
The jig Ues flat on the floor of the workshop, and has ’locating pieces 
for all the .structural members, which are of square channel section 



Fig. 268 . Centke of Boeentg Cleppeb 


The central portion of one of ..'.i-v.'.-iys’ six transatiiiiitic Clipper? 

assembled at the Boeing Air'csviir, This photograph shows the 

portion of the hull which c-.^ri lia: d :.l' j. .-iSid above it, the centre .section 
of the wing structure which is used for cargo space. On the outer ends of the 
section are the two inner engine nacelles, which incidentally stand 25 ft. above thr 
as.sembly floor. All four engine nacelles are accessible during flight by way of wing 
> companion' ways 

{By courtesy of the Boeuig A ircraft Company) 


joined together by ample gusset plates, riveted on. Tlie members are 
all dropped into position and the gusset plates added. Over the top of 
tile whole jig runs a drilling machine. This is on rails parallel to the top 
and bottom of the structure and the drill itself moves from top to 
bottom, and can thus be used systematically to drill all the bolt and 
rivet holes in the frame. By extending the rails endwise it Is possible 
to use the drill for a second bulkhead in the reverse position. 

It will be seen that the cross-sections of the hull are entirely straiglit 
lim, thus limiting double curvature and expensive panel beating. An 
intermediate bulkhead is seen in Pig. 270. 



H< 'K AFT COXST i'l ri,.n:IO a 

the cabin iiour level is sub- 
.r-’j-- »iJt"iit.s. WliereveH’ siicii a watertight 
ringers are broken, the comiection 
small angles riveted thereto. Till*. 
Uiu i-mniing the stringers through unbrokeii 
t*,,nrLd them- This iliustratioii shc*w> 


■- A A- Ulippers. Ihe Jelt part 

M tii'i rlvihr*!.' the centre section of the 
2’* ruliing Oil ruiis uver tne entire layout to fudiitate 
leeiirate cunstruction 
i id the nr^bij A Ucraft Cumpani/) 


; • -t.-. wuiOi oruject sideways to cawy tlie stub wings usrf 

A-e transvei-se stability. From the upper stub 
, J cb-Jer runs downwards towards the centie. 

r^.Mtty.'.ldAub uinlioads to the bulkhead structure. The upper 

7ri,“rV? r-.. ViUlkhead alx^ve the cabin floor level does not need to 
and is very strongly braced. It is an open structure, 

'.'hv a dtorwav miming thi‘Ough it. 

CoESoMated Aircraft Corporation. This company has Pro<i«“d a 

rv ^iiccr-s.-ful range of flying boats which are largely used b\ tht 

xlfln If. u!iJ jnethois are characteristic of the best modern Practice. 
1 1 WA A ft little unusual in that the depth is relatively small 

-i. This i-esults in it having a flattened ovoul 





Fig. 271 . Consolidated Flying Boat Hull 
{Official U.S. Navy photograph) 






.lETAL AIRCRAFT COI^sSTRUCTION 

liulttirji portion of 'wliicii is straiglit, at least in tl« 

inai!i stop tlie fiat V planing bottom Is flared to meet 
orizijiita.lly. 

a.o*sG biilkiieads are fitted at intervals, but the 
uAtndiiutHy in unbroken lengths. Between each hKik- 
• iS r.dit frames are built in. These consist of a i-oi.- 



Go^’SOLibated Hx'im Construction 
•^sy €if the L'onmlidated Aircraft Corporation) 


!:oi-p '.f cLainiel or Z-section run across the free flanges of tis- 
In between the stringers a xveb piece continues down to ih-^ 
-hAl «iAnuing uiri is riveted to it. 

The t‘ 0 !istrui‘tii»ii of the afterbody and of the portion of the hull ir 
hnino.liate iieighbourhood of the main step is showui in Figs. 271 
and 272. 

Dcimier. The Dornier construction appears to derive much less 
shiyrnilding practice than the British types just considered, 
ibis Is particularly evident in the Wal (see Figs. 27t and 275). In the 
1933 model of this maclime, however, the flat hottom, which was 
Lharacteristie of earlier yeais, was dropped and replaced by a 
V-bottoni fiart^d into the chine, giving the cross section of the boat' 
a shape similar to that used generally elsewhere. The frame consisted of 
a heavy plate or lattice girder across the bottom of the boat with light 
Aiannei sid'e and deck member. The webs of these channels had 
c!-'S»dy sj.aeed lightening holes for the better prevention of corrosion. 








A I U( H Ah'T t'ONSTRUC TIUN 


, ^ A a> t li» ‘Se « tcciUTlng at t he stubs, t hf? fraiue wa- 

7 ‘V by tubular ties (see Fig. 275s 

lui-rnal structure in tlu* passenger cabin of thA 
, f J- . free from cross bracing and simpliiiPd 

‘i’. llii'* •. vi' i. »•*- 



276. Dornibr ‘‘WALt’' — Hunn FK4Hmu 

bi. uf Dormer MeisUbauten G.m.b.H.) 


Li>r*d, but the planning bottom was well supported with inter- 
' attached to each frame. Fui’ther longitudinal strength a; 
the t'bine and gumvale. The side plating was in two stiakei 
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d'Ai/' -MAiN' Fkaah: 


iJornier . 

MeViVf-iV.iten ( 
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accoini 

rnediai' 

nodation. Tiie frames U'ere wide!; 
p' side stiffeners betAveeii them. N 
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Fio. 277 . Main I^’iiamk op Lahob Dobnibh Fio. 278 . Obntbk Kkelson Gibdee of Lauok Donxiint Hum. 

(Ily oj llomifr Mdallbaulm U.m.h.U.) (u„ anirlmv of Dornier Metatltmlm U.m.b.U.) 


"IKTAL AIKCHAFT CONSTKUCTION 

-ap Mot. Toisional strength was giveii by water- 
A‘: Tr-ro level. These, of course, also served to 

7'; ! ’^V" " ii-tn waterllglit compartments. 

^ ‘\:,7 .V ulLa- Dornier'boats are without a centre keelson, trie 

. , , braced drder from end to end in addition to the 

■'"^‘^7 ' r\. 7*d3s on each side (see Figs. 2<7 and 2*8;. The 

f\-r<r"a-Uire> built on to each side of the centre girder. 



Thv fniine iwi^sinictiun resembles that of the IFah but the much 
greater sizw i.as led tc^ a different line diagram. _ ^ . 

The -tabilixin^ stubs, which are so characteristic a feature of Bornier 
b.^ats". nut f -Vm part of the hull structure but are attached externally. 
I ^ ‘.f t he stub stars is shown in Fig. 275. 

\A-iy vuUirlete* weight iigures of various Dormer hulls were given m 
The Jy.ini&l of the Royal Aeronautical Society, No. 216, \ ol. XXXIlh 
lioceml'^er. Ib28. 

Sikorsky. The Sikorsky Aviation Corporation of Bridgeport, Conn., 
have devulf^ped a verv successful series of amphibians and flying boats. 
In t!ie .uirher anmiiibians, such as the S-tO, the huU was a self-contained 
which w'as attached externaliv a flying structure, consisting of 
nliin plane.-., engines and tail unit, the latter being supported on booms 
■ff thr !r.u:r. | and hull. 

The n.ul! ua- aluminium alloy construction throughout, with an 
■ \lckd' -k:T,. it -Wits anodicaliy treated and painted to prevent 


A rCate ^iTdej- keelsron ran from stem to stern, and to it the franie.s 
'V. V.taA A*'d m halves each side. The keelson boundary angles were 
- \tr::ried riveted back to back through the web, which was 

-tiffruei w-lb extruded angles. The frames consisted of a floor plate 
vT.th icui-iary angles from keelson to chine and a straight extruded 
jsxnk secim from chine to gunwale. The gunwale was an extruded 
Z-^e-:t:oL. Certaiii of the frames were built up as watertight bulkheads 
r-f T with angl^. 

r'.A of extruded bulb angle section ran fore and aft from 



FLYING BOAT HULLS AND SEAPLANE FLOATS 


2iH 


frame to frame, and were riveted to frames, bulkheads, and plating. The 
only stressed structime above the^ gunwale was a built-up arch which 
formed the rear partition of the pilot's compartment and which carried 
the wing bracing and landing chassis struts. The deck w^as supported on 
extruded angle and Z-section beams. Cabin inter-window verticals 
and longitudinal stringers were of Z-section. 

The shell plating was riveted to frames and stringers, the joints being 



Fig. 281 

Mabtin "China Clipper” Bulkhead 
(By courtesy of the Glenn L, Martin Co.) 


made watertight with cotton tape impregnated with marine glue. This 
eonstmction is illustrated in Pig. 273. The S-42A, was a big step foiward 
in flying boat design. The monoplane wing is mounted at the centre 
m extensions of the two main hull bulkheads and at the mid-point of 
each semi-span on lift struts running down to the chine (see Fig. 2S0 ). 

The hull construction is very similar to that of the earlier S-40 but 
several improvements in detail have been made. One of these may be 
seen in Fig. 279. The side keelsons consist of extruded Z-sections and 
the transverse floor plates run across the tops of these, which simplifies 
manufacture and assembly. The bilge water in each compartment can 
nin through and be mopped up or pumped out more ^sily. It will not 
collect at each frame causing numerous points of corrosive attack. 
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Glenn L* Martin. The constructional methods used for flyiunr boat 
hulls by Glenn L. Martin help to illustrate the fact that hull construction 
throughout the world is much more standardized than any other part, 
of the aeroplane. The photographs (see Figs. 284 and 285) show the 
interior of a Glenn L. Martin boat and one of the main bulkheads. The 



Fig. 284. Glenn L. Mabtin — Hull Stbutctube 
{By couTtesty of the Glenn L. Martin Co.) 


hull section presents the best modern features in a sharp V bottom with 
a reverse curve to the chine, and flat sides running into a cambered deck. 
A strong keelson and dorsal are continuous throughout the length of the 
Imt. Longitudinal strength and shell stiffening is provided by a 
number of closely-spaced side keelsons along the planing bottom inside 
the skin. In the ordinary frames there is a deep floor plate, the free 
edge of which is stiffened with double angles. A channel runs down the 



I'Jlexx L. Martin — Main Bulkhead 
o^the Gieim L. Martin Co.) 


I tiie plaaing bottooi and across the 
uf which there is a single riveted attach - 
le Fig. 2 So) is made up of three plates 
|oiiits. As this bulkhead carries, at its 
, it is very strongly reinforced with 
structure with large riveted gussets 


,41 .A.L bulkhead door opening is well stiffened round its 

- iu wu.L a rhieted L^uiding. There is a boundary angle round the edge 
f<:Jkh^ad. wide and double-riveted up the side, narrow and singie- 
: ■ I r and th i gunwale and deck. 

hi! have been developed for the much larger and more 

: I! iLua Cciie? built by this company for Pan-American Air- 
A- u- lu .nik: *.ru4" fuselages the top and bottom of the rear end 
: th- :!yu:g h-j^t hull must take large bending stresses. In the China 
clgnn an.' ratt^red for by corrugated sheet which, of course, 

..ii- ^ nuii hig'ner buckling strength than flat sheet and moreover it 
:-n. 'r* tne necessity for stringers. The longitudinals appearing in 
dfu. US- are merely wooden ribands used in the assembly. On the 
hull ,mly fiat sheeting is used. At the forward end 
■-f tuh i.uh -e*- Fig. fiS2> the floor is specially strengthened to 
tak-r th>- wittu- h.ads in taxying and aUghting. The floor frames are 
es.ccpu*.LuIly detp and also act as partial watertight bulkheads. The 
ma!..ng is stiffened by closely spaced intercostal stringers of 






M i:T u. A1 ROKAFT COXSTRrCTIOX 

; ^ oi* liiMuIds iiiadc to the irame 
i ' lii parts to represent its componems— 

“'■ * ^ V^.h-'a^eniber. the deck beam, the deck and ehint- 

being taken from the scrive board 
■'"r’/ ^ from the di^awings. It should then 

u-ii-piate un a piece of sheet of the appropriate 
h tli^ particulars on to it for cutting and 

^ ^ i.,^incc built the templates may be In thlu 


Fig. 290 

^By C:MTmy uf "'The Aeroplane'") 




i. 

but wnt-i 

ts'li.pia-.i'a 

tu* the 
UP- sheet 
I uikhcad 


.Lu ivj mwre tixaii the outside contour of the finished fraaie. 
'"'«v*“uki 2 iir on a xu'o duet ion basis it is advisable to have tae 
in sL-^rt^steei ox* say, IS s.w.g. carrying Ml information down 
oi liv^^t holes*. ^ Such templates may then be clamped tu 
hitll ai;d used as drilUng jigs. Fig. 289 shows one of the 
'Viaie' of a modem Short boat laid on the settmg-ont tabte 



agaii^t the lines, 
wocdeii mould, f in. to 
to each frame contour, 


1 in. thick, may be made from the 
round which the shell flange angle 


U - in- flame mav be bent to its correct contoui*. 

K»..ucrrnce to Fis. 257 shows that in the particular design given, thebe 
-nl^ur^kis are for the most part straight- When the hull is designed 
b tLiriav, with the deck camber, the radius of the deck corner brackets, 
and the hare under the chine as constants throughout most ot tne 
hnaah. the number of moulds is much reduced and the construction 
made cheaper and simpler at every stage. Nor is it apparent in 
ti.at bUirh huLs are less efficient either in the air or on the water. At this 
‘tage the bevelling of the frame shell flanges to foUow the fore and aih 
run Lf the boat should be done. For this it is necessary to turn to the 
strive board again and to use a bevel measurer of the type shorn ib 


^upp..sing that the bevel of the frame flange at B is required.^ The 
aiTww mark on the bevel measurer is applied to a point A 
B OU t!ir lirs-l frarn«" contour on the scrive hoard. The adiustahie 
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list-aEce Y is made equal to the frame spacing, and the point of the 
movable leg X is brought up to X. The angle between i and the 
vertical leg of the bevel measurer gives the requhed bevel. Since the 
^vel, particularly on the frames at the ends of the boat, is likely to 
r-T.tr r^onsiderablv between dorsal and keel, the bevel measurer should 
used at four or five positions on every frame. 

"^Templates should be made in the mould loft for the keel and dorsal 
rontours. These will serve two purposes, first for making the keel and 
^isal. and second for making the contour moulds in which they are 
erected (see Fig. 291). This contour mould should be set up and shored 



Fig. 291 

(By Courtesy of Flight”) 


in the actual position in which the boat is to be built, under cover and 
with a convenient run- way to lift the hull when complete on to a troUey 
for removal. The keel and dorsal plates may then be built into it 
complete, their top and bottom flange angles added and the whole 
riveted together. In the meantime the frames should have been pre- 
pared in complete half units (port and starboard) on the bench and be 
ready to erect on to the keel and dorsal. 

A constant watch must be kept by the shipwrights on the fairness 
of the hull as the work proceeds. Distortion in the longitudinal direction 
is likely to occur as the various weights are added. The verticality and 
straightness of the profile mould should be checked all along its length 
each day and any sagging corrected at once. In the same way, the 
frames must be checked before they are finally riveted up. Until the 
stringers are actually riveted in the structure, ribands will be necessary 
to support the frames. These should take the form of pitch pine battens 
running the length of the boat and clipped to every frame. There should 

(A.9003) 



i-ii'A i. ...\ i la ‘RAi-r <:a:)Xstructiox 

: - t li- waA::. 1. 1.” two ii.clies uf the eventual position of eatii con- 
t“r ; Itrincrr. As will be seen from Fig. 292, the rigidity of the frame 
T! Il.I a:t..eLriicr.t depeiid:^ on the tightness of the bolt. If the frame 
: :hr.- -‘.i.d .^!t, thJbolt may be slackened off slightly, the frame 

y.^siiiun. ami the bolt tightened again. It is usual in 
to iay off the ribands carefully in the mould loft before 
tL-v a.-c a€t;ud>- required, and to mark on them the exact position u! 

ihe imporiiii.co of a day-to-day inspection of the hull for local dls- 
-u" Kiuulng cannot be overestimated. If, for instance, a shell 
jAua' Lu.- b»“-n t. mplatci from a structure which has fallen out of truth, 
nm-t Ln/olthcr scrapped or an unfair line expected in the 
nni-iVfi Ik at. And the uiifamiess becomes aU the more evident when 
by a smooth sheet of plating. 

When lie frames are finally riveted up they are ready for the positions 
of stringer angles and plate edges to be marked on. These are trans- 
IviTcd huui liiH loft tloor to scrive board by means of flexible laths 
girthing tlic frames. Tlie lines must be faired in by clipping light 
batk'iis aloiig t lie frame marks from end to end of the boat and adjusting 
ihem until t!it*y are satisfactory. The only tiling which can ensure real 
UiiiTJ‘r<^ In these lines is the eye of an experienced shipwrigrit. Fair 
iin-b ba\ i!.g been obtained, the true and final positions e>f stringers and 
^ ui the frames are known, and the stringer notches may be cut. 
« 8n<:e the -ns and side girdem are built in, the shell plating may be 
L-gu!i. since the hull is “clinker built” — that is, with the lower edge 
.c I-acL ^trak.- of plating as the sight edge {except for the keel)— the 
!u--t stnik-> be put on are the garboard ones. Until such time as the 
f / ;;.r I- !y eympieted and the profile mould can be cut aw^ay, tiie 

■. ; : wun -r. be added. It is the last thing riveted on before painting 

ilii; inside. 

The T.!.,rith;.,r is contiiiued strake by strake. Each plate is first cut to 
'difipe, 'f:.:- picked up, if necessary, by means of a template from 

the framing. It is then beaten or rolled to fit the 
contoui^ and temporarily clipped into position. The 
ran of frames and stringers can now be marked on 
and the plate taken down for drilling. This opera- 
tion of temporary erection may be dispensed witli 
if the templates are made more elaborate, an ex- 
pense well justified on “production” work. 

The rivet holes having been drilled, the plate hs 
re-erected and acts as a drilling jig for the frames 
and stringers. If heat treatment and anodic treat- 
ment have to be carried out, they should precede 
this erection. AlS the holes in the frames and 
stringeis are drilled, service bolts are put into every 
!- urth i-uK* witii wa.:iliPTs under to protect the anodic film. To rivet up 
plalr as it is erected leads to distortion of the framew'ork. For this 
and aisi-,- to distribute the work more economically it is advisable 
to Iratj; the riveting until most of the shell plating is bolted into 
r n. Riveting is dealt with in Chapter IX. 

It :s during the shaping and fitting of the shell plating that most of 
ti.e dferfeet- of designing a hull with elaborate flares and curves show 
tneniseAvs. In the fimt cutting of the plate, “sny” (a concave edge 
li. tile p'late , may be found. This is difficult to allow for and not simple 





li, Lfii? ‘s . " 
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.,3 eiit exactly, besides putting up the percentage of scrap. Again, in 
shaping it is much easier to roll to single curvature than to beat 
-TeoEvexity. Panel beating is particularly difficult in duralumin, and 
Iv^ii when the material is annealed repeatedly it is liable to craci; under 
j^^ering. The metal must be heat-treated either when rolled or 
t-aien, but rolling calls for no annealing if it can be done during the 
,.a^phase. When the sbeU plating is completed there remains little to 
done to the hull except the addition of cockpit coamings, fittings, 
nn^, etc., all of which are straightforward and call for no 
-artictilar comment. 

As is the rule in most aircraft works, all workmen engaged in or on 
jae machine should wear plimsoles. Even so, the anodic surface of the 
ujetal Is liable to wear very thin in places which are being constantly 
talked on. 

The huU is now ready for painting and weighing before being handed 
dfer to the riggers for assembly with the main planes, engine, tail and 
eontrol units. All the main attachment fittings for these parts, even 
Wien in steel, should have been erected before the boat leaves its 
building berth. Subsequent drilling and riveting is both uneconomical 
ifid nnsatisfactory. 

Summary of Processes. The various processes through which each 
piece of duralumin sheet or angle passes on its way from store to final 
erection are as follows — 

1. Cutting out the blank in its fiat developed form. 

1 Mnealing to 360*^ 0. or beat treatment to 480° C., depending on 
the amount of work to be done in the shaping. 

3. Bolling, beating or drawing to shape. Punching of flanged 

lightening holes. 

4. If the article has been annealed, then heat treatment must follow 

here. 

5. After heat treatment some slight re-shaping may be necessary, 

but it must be done quickly before age hardening sets in. 

6. The article should now be anodically treated and greased with 

lanoline. This operation may not be necessary if “Alclad” 
alloy is used. Each small item must be treated separately 
before riveting into assemblies, however small these may be. 

7. The unit is ready for erection or riveting into some assembly, 

which in its turn is erected into the boat. 

Float Construction 

The design and construction of floats, whether as the undercarriage 
of a seaplane or as the transverse stabilizers of a flying boat, follows the 
principles already laid down for hull construction. 

The general practice is to provide a strong fore-and-aft girder in 
the form of a keelson and dorsal, on to which are built the transverse 
fmmes, in halves each side. The plating is in longitudinal strakes. 
There is usually one step amidships, and the after body tapers to a 
vertical edge at the stern. In racing craft the keelson and dorsal may be 
combined in one longitudinal bulkhead from top to bottom and end to 
end of the float. The length of the float may be divided into four or 
five watertight compartments by bulkheads mounted on the appro- 
priate frame angles with, a close spacing of rivets. Strong points 
provided for the chassis stmts, and the attachment fitting should 
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i wL - t strict ui-^ locally with large doubling plates p, 

.i.-Tr/nJA*' thf- I -aa. 

in ii uri..-- aii-cratt of over 8,000 ib. ail-up weight have h^^i, 

..!t LIh boat-, and the tioat seaplane type has been less tlian that 

sjiiote typical scantlings owing to the scareitv 
r»' u , 'i Tn- -n *TaI ci«n-id,erations which have influenced individui 

aT*-u la uf iou per cent is usually provided on military 

.-J. -id :> ^nd each doai in the standard twin tioat arran^J. 

.1* ‘P-icf-i-e has a displacement equal to the all-up weight of tl.- 

vi Avonig»_^ scantlings for the duralumin or Alclad ailov 

k litV a mnci,,!,- w-fgLing 4,000 lb. all-up may be taken as follows^ 

^LAi -'Litiiid . . iS s.w.g. sides and topsides tapering to 21? 

^ " s.w.g. aft : 16 s.w.g. bottom tapering to 

IS s.w.g. at ends. 

CVntr*; liue bulkhwid . 20 s.w.g. with li in. ;< l-Hn. IS s.w.g. 

boundary angles, both sides ; 


or 

Keelson aiai d asal 
8ide 

if pn.jvidt-d 
t hll.e aiigit'S 
Side sir:ng''.:!> 
rrans'Vf-r-.'; ti-u 


of similar weight and strength. 

l-|m. X § in. >' IS s.w.g- angles, cut at each 
frame. 

l|-in. X THn. x IS s.w.g. angles. 

1 in. >; I in. >: 20 s.w.g. angles. 

12 in, to IS in. apart. 

Floor plate 20 s.w.g. with J in. flange at top 
and to shell. Hoop from chine to dorsal 
of l-Hn. X § in. X 20 s.w.g. channel ov 
Z-section. Bulklieads, 20 s.w.g. pMate. 


A point of dliheolty in doat construction is the provision of access 
tc. tLr iiAvijyT for holding up the rivets in the last strake of plating 
put on. A typical scdiitioa of this problem is seen in the Fairey fioat 
Fig. 2X3.. The top centre strake has flanged up edges and the edgx 
rivx.ii;j the strakes on each side is completely external. In a case 
li.is lli*r frame rivets may be held up from under the end if the length 
of eaihii plate in the strake is short. But the riveting of the last plate 
in tile ^^rake ean only be achieved by providing a screw-down water- 
tight handiidle for the purpose. Such handholes are useful afterwards 
f r u.-pectlcn ar.d drying out. 

A hill scale experiment was carried out by Alessrs. Short Bros., 
Ltd,, in t!:e builtiing of the Valefta, a marine aircraft of 22,500 lb. 

in the form of a float seaplane. It appears to show that even 
:n such large sizes the type is not necessarily less efficient than the 
n>'ing boat. The float construction together with attachment fittings 
.s -h...^wr: in Fig, 294. They have found^ that, for floats with 100 per 
>*nr r>.-svrve buoyancy, the total float weight including chassis support- 
,ng I -Ants may b-e taken as 10 per cent of the all-up weight of the 
ina,Xu:nf. In the large typ-es, such as their Valetta, this may be reduced 
Xj r per cent. The linear dimensions of similar floats vary as the cube 
cf the displacement and the surface area as (displacement).^ 

Although aluminium alloys have been most extensively used for float 

♦ A. F.R.Ae.S., “Some Aspects of the Design of Sea-going Aircraft,” 

Joztmal, May, 1931. See also Seaplane Float and Hull 
FiifXy,, by the Anther. ,'Pitinan.) 







hy both ^Vi‘msti*oiig-\Vliitworth and Sh«jH 
5 tit ted to an Atlas military biplane, is show 


A iiMSTRONG- W hitworth “Atla,s” — Float Steuctube 
(Bm cmrte-9y of the A.T.S. Co., Ltd,) 


saving of prcd-ective treatmentSs however, stainless sie^l 
i:- stii; a:i expensive material in itself, and must be used in very thin 
;ra’a;res if the weight is. to be reasonable. The Atlas floats were 13 per 
v-i.f heavier than the corresponding duralumin floats, but they are 
lighter than wocKlen flimts of the same size, particularly if water soakage 
tak^n into account. _ . 

The aetnal nmterial used is the austenitic st-eel. Specification D.T.i). 
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10 The shell is laid on in long fore-and-aft strakes with the edges 
li^ed outwards to allow external riveting of the seams. These riveting 
flanges further serve to stiffen the shell against panting, which is par- 



Fig. 2d1. Stainless Steel Float, Shot Welded 
(Bi/ courtesy of Short Bros. {Rochester and Bedford) Ltd.) 

tkularly likely to be troublesome owing to the thinness of the sheet. 
Experiments are being made in welding this material electrically (see 
p. 874) and if the stress on the wields can be kept sufficiently low to 
prevent fatigue failure there is considerable promise in the method. 



Samo Wing Float Supersojune Wing Float 

Fig. 298 

(By courtesy of “Ftiyht") 


The riveting of floats and hulls is a large item of workshop expense and 
the electrical spot welding process saves both time and material. 

A shot welded stainless steel float made by Messrs. Short Bros. Ltd. 
is illustrated in Fig. 297. 

The external strutting of the Atlas float structure is of stainl^s steal 
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r;..'.!. :Vi 


■' fiif- 


jiiid rear panels are wire braced a;£a:h^t tia- 
*.e Uixyiiig across rough w’ater or in 

side panels are braced with diagoaiil 


it: 


! 

I r;n 

a!.«i 

div..- 

air 


‘ Ai! Mb i. 


2/ 


; ^ p-a j and carry the moment due to the lond- 

* uA Biloyaiicy. 

■ » . .*v !av^ ih rwii a method of stressing float structures, 

^ a. Adhtoo for military aircraft and in A.P. 1208, 

lo't ii 

r-: wirr tin stabilizing floats for flying boats can be 
r Ai* of dmilar size main floats for seaplanes, since 
“ tiiH same impact loads on aliglitiiig. The 

the attachments sufficiently robust 
thrmighout the length of the float. Sub- 
Jit intfi watertight corapartmeiits must be carried out, 
.1 it provide at least two bulkheads. The loss of buoyancy 

a rr.HV have a very serious effect on the stability of the 

i'ucg boat iis ti whole. The internal construction of baro ana .buper- 
ijiarine 'singfioats Is illustrated in Fig. ths. 



CHAPTBE VI 

SUBSIDIARY STRUCTURES 

The Tail Unit 

Ts' its simplest form, the tail unit consists of two surfaces, one Yertica! 
Im the centre line of the machine, and one horizontal. They are of a 
tWetrical aerofoil section, and each is divided into two parts, the 
ftoot part being Jdsed and the rear in the form of an operated flap to 
directional control. Refinements and additions have been made 
ui this simplest conception of the tail unit. 

Ill large ahcraft the v^ertical may be divided into double or treble 
’ills and rudders. Many recent military designs have shown a cantilever 
plane and elevator with two fins and rudders set well out from the 
icntre line to allow a clear line of fire aft. Though it may appear to be 
straying into aerodynamics, which is not the subject of this book, it 
should be stated here that when outboard vertical surfaces are fitted 
to a multi-engined machine, they should be arranged in the slipstreams 
of the outer engines. In order to avoid a large span tail plane and the 
^^xeessive loads wliich would be associated with it, the engines may be 
set at a slight angle to the centre line of the machine so that the slip- 
streams converge on the tail unit. The slipstream has a considerable 
influence on tail unit design. In a single-engined ahcraft the fin is 
often set at a slight angle to the vertical centre line to balance the engine 
torque. A further effect of the slipstream rotation is to cause a torsion 
load in the tail unit as a whole and in particular an unsynimetrical 
loading laterally on the tail plane and elevator. 

The stressing requirements of the Air Mnistry are very completely 
stated in Air Publication 970. Before, however, approaching the 
structural problems involved in tail unit design, it would be well to 
consider the air loads which must be catered for. 

The tail plane and elevator are taken first as one surface for the pur- 
pose of determining the distribution of loading and position of the 
Centre of Pressure. The worst case is usually that of the down-load in 
nose diving, but this varies to an up-load in normal slow flight. The 
distribution and magnitudes of the loads having been determined, the 
amount carried by each spar may be found. It is usual to provide the 
tail plane with two spars, the front one of which may be swept back or 
even form the leading edge (see Figs. 299 and 300). The elevator has 
nonnally one spar, which should be made continuous or rigidly jointed 
at the centre, even though the surface he diYided by the rudder. In 
an unbalanced or partially balanced elevator this spar is subject to 
torsion due to the cantilevering of the elevator ribs to the rear of it. 
The whole elevator load is transferred by the hinges to the rear tail 
plane spar. This spar or both tail plane spars may be support-ed ofi the 
fuselage by bracing wires or struts. When struts are used they may be 
attached on the underside of the tail plane, but when wires are fitted on 
both sides the fin post or posts are brought in to complete the structure 
and act as compression members. 
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The fin and rudder carry similar loads and are treated in a siinilar 
wav to the horizontal surfaces. The fin posts are cantilevers of? 
top t>f the fuselage, and the rear one also takes the rudder loads at thr- 
hinge points. Owing to the comparatively small number of ribs, th- 
air load cannot be taken as evenly distributed along the spars, it 
should be considered as applied at the rib points. 

Everything that has been said of aileron design in Chapter Ilf appli^rs 
equally well to the rudder and elevator control surfaces, particularly in 



Fig. 300. Skeleton Tail Unit of Segrave “Meteor 
(By courtesy of Messrs. Saunders-Roe, Ltd.) 

regard to the main torsion member and the attaclmient thereto of the 
ribs. 

Turning now to the structural design, it is found that tail units may 
be built in as diverse ways as main planes or fuselages. They may be 
welded up from mild steel tube. Again, some designers favour higii 
tensile steel strip, others duralumin tube and drawn duralumiii strip. 
The decision is influenced by the methods and materials employed 
elsewhere on the machine. Thus, mild steel tube, welded, is used by 
Fokker and drawn steel strip by Hawker. When drawn strip, either 
steel or duralumin, is the material, it is possible to construct the tail 
unit of sections already designed for the main planes or fuselage, a most 
economical procedure. 

The Fokker tail (Fig. 299) is an interesting example of welded con- 
struction. Except for the spars, the sections are all small, thin-waHed 
tubes. They call for nimble handling by the welder, but make a light 
and neat job when finished. It will be noticed that where the ribs cross 
the front tail plane spar, the spar tube is sleeved, so that the welding 
does not touch it directly. The fact that the spars are not parallel is, 
of course, sufficient to lock the sleeves in position. Although the rear 
tail plane spar is double bracedj tubes are used for the lower members, a 
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iiiir- in of the damage which wires would sustain 

. The si le >al from the fin passes through the upper 
r-. Ti ‘ lear snar, therefore, carries end load from tiiree 



Flu, 3iu. lAir Unit of Sabo ‘‘Cutty Sake:’’ Amphibian 
Flying Boat 

£;-/ of 3Ies^r^. Saunderi^Roe, Ltd.) 


A Huafl 
t.vL-d t^. 


- ai'id lower bracings being two, and the third that 

irag ua the swept back front spar. 

to be liutleed is that the upper bracing wires are 
‘ ti.e tail plane spar by a lug which is situated on the rear 




spar. Thus tiie offset creates a torque in the spar to balance 
d by the elevator load, applied through the hinges, in the 
n lead nese-diving case. 

i? type of structure was that- used by Saunders- Roe in the 
'iieoT . Fig. 800 ?. In this case the front spar formed the leading 
e tall plane. A further example from the same firm is illus- 
Fig. Sul. the tail unit of the Saro Cutty Sark^ an amphibian 
A welded mOd steel structure proves quite satisfactory for 
rn It adequately cadmium-coated. Brain holes must, of coiuse 
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be provided at the lowest point of the rudder. In this case the tm was 
built of ‘^Alclad” aUoy, integral with the huU. men the tail plane is 
adjustable, care must be taken in designing the bracing attachments so 
that there shall be no binding. In the Cutty Sark the rear edges of the 
tail plane move about a hinge at the front spar. The external braciiig 
wires were, therefore, taken only to the top ends of the front struts^ 
which were fixed. The rear struts rise and fall, being fastened at ilieir 
Sower ends to a king post, working in slides with the adjustment. 

It might be thought that the welded type of tail unit would be heavier 
than one of drawn strip, pinned or riveted. Weights quoted bv 3Ii\ 
A. A. Gassner, late Chief Engineer of the Fokker Aii'craft Corporation, 
of America,^ show that in three different designs the tail unit w^eiglied 
between 1*3 and 1*57 per cent of the alhup weight. In this count rv it 
has been found possible to fulfil the 
requirements of the Air Ministry at 
less than 1 lb. per square foot of sur- 
face, including bracings. 

When a drawn strip structure is 
used, it follows closely the methods 
already outlined in Chapter III for 
main planes and in particular ailerons. 

That this is so will be seen in Fig. 302 
of the Gloster Goldfi^ich and in Fig. 

303, a typical Hawker tail plane spar 
with rib and bracing attachment. 

Pressings are also frequently used 
in tail unit construction, and the 
examples given in Figs. 304 and 
305 come from the Curtiss Carrier 
Pigeon ,11. The rear fin spar is a 
pressed channel with circular lightening 
holes, and the ribs are also pressings 
similar to those used on the Cxirtiss 
main planes (see p. 60). The front 
spar and diagonal bracings are 
tubes. 

The mechanism seen in front of the 
rear spar is the elevator kingpost, 
which slides at its top end to allow for 
the tail adjustment. The king-post is 
formed of two tubes, and at the slide is 
attached a fitting to take the top ends 
of the external tail plane bracing wires. 

The rudder hinges, which are webbed 
stampings, are fastened to the rear fin spar, opposite ribs in each ease. 

The tail plane and elevator of the Carrier Pigeon follow the same 
principles as the fin. The elevator spar is a channel section, and since 
this is unsatisfactory in taking torsion, it is braced with triangles run 
back and having their apices on ribs ; these members are all pressings. 
The* tail plane, which has two spars, is braced with tubular dmg 
members and crossed wires. 

The Sikorsky S-40 tail unit, shown in Fig. 306, has a number of 
features of considerable interest. The whole construction is of duralumin 
^ Aviation t October, 1930. 



Fig. 304. Cubtiss ‘■Cap.f.iee 
P iGEOx II” — Fix 

{By courtesy of the Curtis ^ .ier^p.'j.Ke 
dr Motor Co., Inc.) 
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III of tail milts is to allow f* a' 1)1 

Vm ^ . E:A-:aa:s-?% lu this example (see Fig. iL* taf 

‘ X tLe fasTiage, tlie fin being mount t*d na n-: 
T'y*' •fr.!*!., ;**.,! tkn.rjuL the strong centre rib of tlie tail plun^^, TL- 

a imtuber of small pieces, tlu- end 
^'uvat-ir^^ is at a maximum being pressed iii 
with narrow strakes running uiit fnan 



leiitTv* UM'.iTih^ the Tip. The moving surfaces, i.e. tlie fin and elevatois. 
l-avr Il-r'eet ii'ai leading edges to ivhicli are attached pressed alumiiiiimi 
.illu'V iTlji runiiiiig back to a tubular trailing edge to which they are 
..dt ached by tubular rivets. In order to prevent the ribs pulling over 
duru.g th^‘*att.ic!ii3ient of the fabric, they are supported hy fiat strips 
vAil^-h run from md to end at the mid-chord. 

Ti.*r Lirm^rS between the moving and fixed surfaces of the tail unit 
frequently eyebolts, with or without ball bearings. The fixed surface 
may hive a double eyebolt and the moving surface a single one which 
the double lugs of the former. To meet the requirements 
d ^srtmbly ui-A interehangeability the gap in the double lug eyebolts 
Ti:..y l..e mafie t-»vei*size, and shims or w'ashers inserted at one of the 
:u.ul-^-s locate' the moving surface along the direction of the hinge 
.ml'. TLS ensures Jiat any loads in that direction are applied at only 
j.eint ^in^i not distributed in an indeterminate way between them 
.EL Cine the two eyebolts in each hinge must be locked against 
rotaticm w'Lieh might jam control movement. 

r ’all-bearing hinges are used the bearing should be pressed 
- the 'ii.uw !nc: eyebolt, and one of the hinge pins fitted with distance 



SUBSIDIARY STRUCTURES 


207 

pieces so that it can be clamped up tight on the inner race. This will 
prevent movement of the pin and wear in the holes. The pin sliouid be 
of as large diameter as possible irrespective of the calculated loads, 
and even on a light aeroplane it 
Sliouid not be less than J in. 
diameter. 

Where ball bearings are not used 
the holes in the eyebolts should he 
bushed so as to simplify the main- 
tenance. Such holes invariably 
wear, even though large diameter 
pins are used. It is then frequently 
difficult to replace the bolts as this 
may mean opening up the interior 
of the structure. If, however, 
bushes are used they may be 
pressed out and replaced quickly.^ 

In the Vickers Wellington an 
unusual hinge was used. 

The elevator tube itself ran on ball bearings mounted in a double 
horseshoe on the tail plane spar, as shown in Fig. 310. 

The Tail Skid or Wheel 

Although the tail skid is actually a part of the undercarriage, its 
design must be done in conjunction with the tail unit when, as is 

frequently the case, it forms part of that 
unit structurally. The Air Ministry requhe- 
ments for tail skids have been stiffened up 
considerably, for, though the skid is of no 
importance when in the aii*, its faiime on 
the ground may lead to serious damage 
to the adjacent parts. A reserve factor of 
4 is required on the vertical load whieli the 
skid carries. This must also be combined 
with an horizontal drag load equal to hah 
the vertical one. There may also be a con- 
siderable torsion applied to the radius 
member when the skid tracks over on a 
rough-surfaced aerodrome. 

The de HaviUand tail skid iFig. 311) is 
typical of many used on light aeroplanes. 
It is of the tracking type and is operated 
indirectly through the rudder controls. 
The skid pan is an iron casting bolted to 
the radius member. Many materials nave 
been tried for pans, including hard tool steels. They have not, how- 
ever, shown themselves in any way superior to cast iron, which can be 
replaced very cheaply when worn out. Bulk of metal at the points 
of wear and abrasion is an advantage, but there is, of course, no 
reason for carrying any surplus elsewhere. 

^ Suitable limits and tolerances for hinge pins, ball-race hinges and^eyebolt gapa 
are given in the Handbook of Aeronautics, Chapter 3, on “ Constmction. 



(By courtesy of '"The Aeroplane”) 
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;i: member is a helical steel spring, 
great a rotation. 



Fig. 313 

(By cmtU.f'y of'*Tke Aerovlam'"} 


T' sii-aS' l -ok for lifting the rear end of the machine will be 
?' mu=t useful tvlien man-handling \rith the aid of a tail 

trolley. Refinements of this 
r-i larger aircraft 

I Lj include the fitting of a cage or 
f Lmideforthocompresslcr: spring. 



F>;n 3i4. Wsstlanb Waliacs 
Wheel 

■B'J imru^-v 0 /*'^.%^”) 


whrt-1 is free to castors and 


and HiSO a I’ooonno spr.ng i,'.- 
side the main one. On larger 
machines it becomes possible 
to use an oleo instead of springs. 
Figs. 312 and 313 show two 
other types of tail skid, as used 
on the Blackburn Bluebird and 
Westland TUapifi respectively. 

The use of wheel brakes on 
the main undercarriage allows 
of a different kind of skid, in the 
form of a wheel. Previoiasly, 
the friction of the skid on the 
ground was to a great extent 
relied on to pull up an aeroplane 
on landing. The use of a small 
wheel is now increasingly popu- 
lar on machines with braked 
under-carriages, the brakes 
providing the deceleration. 

The Westland Wallace is 
fitted with a tail wheel of the 
t 3 Tpe shown in Fig. 314. The 
vertical hinge runs up to a braced 


point in the plane of the top longerons. 

The stiffesiiag of the foliage to take the tail wheel loads has been 
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thoroughly carried out. The vertical reaction passes up the main 
Q^emher to be met at the top by a stout cross girder and two 



Fig. 315. Morane-Saulnier 330 — Tail Wheel 
{By courtesy of ** L* Aironautique*') 


tubular ties which brace it back to the fuselage side panels. The Air 
Ministry requires a factor of 4 J on the attachment and mounting of the 
tall wheel. This, associated with a factor of 4 on the wheel fork and 
strut ensures that in the event of 
breakage, the fuselage will have 
additional strength in hand. 

In the Morane-Saulnier 330 (Fig. 

:il5) the wheel fork is free to rotate 
in the bearings, C and B, at the 
bottom and top respectively. The 
lower hearing is a trunnion with 
mountings, T, on each side so that 
the fork has also rotational move- 
ment in the longitudinal direction. 

This is restrained at the top end, for 
the upper bearing, B, slides on the 
diagonal member, P, against the 
rubber absorber rings, r, in the tube 
i. The upper bearing, B, is so 
designed as to allow not only for Comper Mouse Tail 

the change of angle between the Wheel 

forhhead and the slide, but also for {By courtesy oB^FUghD 

the slight withdrawal of the head \ ^ - 

is it moves forwards and downwards. The horizontal reaction at T is 
taken straight into the lower longerons. The vertical reaction passes 
tqs the post, where it is taken in compression by the top longerons ana 
ia tension by the diagonal member, P. This is neat, for P aJso cames 
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' it the shock absorber A. The tw^ 

‘.i i.aiT'''' ~ * I aj.cr. Csiit. 

A . *i f: :a ^ tae Cun.pcr Mouse ;Fig. Sliy., Y^.. 



<V. 


Larri-ri un aa axle between two leaf springs, wMcli were beir 
%r ii eir up^rer rr-is d clamped between two plates. The upper plate 
to M ^ -iil spiiidle whieli ran in bearings on the fncit sid- 

of the stern post. 

A usual form of mount- 
ing Is that of the Breda si 
The wheel, which is of the 
low-pressure type, is carried 
in two forks, one to the 
fuselage top and the other 
to the bottom. These 
joints are hinged and the 
wheel is castoring. The 
forks are Joined together 
at their lower end by a large 
welded gusset. The upper 
forks which takes the com- 
pression load, is wnll rein- 
forced with webs. 

If not controllable, the 
wUeel should still be free 
to »s;._r ti- orifr tiiat the tyre may not be ripped off by side load. 

V\ aeea ot low pressure type are popular. It is claimed that they 
.emute ^ue uecd iur a shock absorber in the compression member. 
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although the skids and wheels in some of these examples are of the 
generally known as “ castoring,” they are not ideally so. A perfect 
skid should always tend to centralize itself along the longi- 
tudinal centre line of the aircraft. If the hinges about which the skid 
rotates are mounted on a stern post which rakes aft when “tail 
town,” then any lateral load which is big enough to overcome the 
tVietion of the hinges will throw the tail over and decentralize the 
skid. If the low^er liinge is set off from the stern post so that the 
tin^e centre line is vertical or raked forward relative to the ground 
Ime. the skid would be fully castoring. The constructional difficulty 
ia doing this lies in the large bending moment which occurs in the 
lower hinge. Provided that the ground angle is not excessive, the 
trouble may be overcome by raking the whole mounting forward 
as in the Breda and Morane-Saulnier. 

An extremely simple type of skid suitable for very light aircraft 
consists of a steel leaf spring firmly secured to the fuselage, with a cast- 
kon shoe at its lower end. In larger machines it is difficult to obtain 
the necessary travel economically in tliis way, and the leaf spring has 
Stained little popularity. (See Fig. 318.) 

The Undercarriage 

The functions of an undercarriage are to dissipate the kinetic energy 
cof vertical descent and to form with the tail skid or wheel a reasonably 
well-sprung carriage on which the aircraft can taxi over a rough aero- 
drome. Yet though it has this double purpose, it may be classed with 
those necessities which are unfortimate. In most aircraft the time 
iipeiit in alighting, or even in taxying, is a very small percentage of 
their total life. Yet the undercarriage must always be there, making 
possibly as much as one-sixth of the weight of the structure and forming 
more than an eighth of the air resistance. 

The problem of keeping down weight is one of the greatest which the 
aircraft constructor must tackle. If there is a greater, it is that of 
keeping down the resistance. In no part of the machine are these two 
more incompatible than in the undercarriage. An attempt to achieve 
both at the same time is made by the use of high tensile steel. But 
when it comes to a complete solution of the resistance trouble by with- 
drawing the chassis inside the structure during flight, weight may run 
riot, not only in the chassis itself, but in complications to the structure 
and in the operating mechanism. 

In its most usual form, the undercarriage consists of a two- wheel 
chassis just forward of the centre of gravity of the machine, and a 
skid or small wheel at the tail. The tail skid having already been, dealt 
with, it is only the main chassis which will be discussed here. 

Fig. 319 illustrates a very common form of undercarriage which wiis 
\ery hivoured, particularly on biplanes, for many yeai*s. It is probably 
the simplest and lightest which can be made and it introduces few 
eomplications into the construction of the fuselage and wing to wMeli it 
is attached. At the same time the air resistance is high and its use is 
aaeconomical in power on an aeroplane of high performance. 

There are two pneumatic-tyred wheels mounted on a cross axle. The 
vertical load, beyond that absorbed in the tyres, is taken by two sprang 
telescopic members which dissipate the kinetic energy. Horizontal 
components of the load in the longitudinal direction am taken by the 
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'* which run back to an anchorage on the lower 



siope outwards towards the bottoiL, 
wheels to spread in the normal two-whe-l 
otV: ’ov the axle in tension. In addition, the axt 
the Mveiiiang of the wheel beyond tiie puirr. 
\h leg and radius rod. The vertical Iosmi 

’ ■ — leg and the impact absorbed either by an 
'anting or rubber blocks inside. The leg must, be 
s\*j*allcw it to swing forward in relation to the 
h is shortened telescopically and the wheel travels 
“ds^around the arc of a circle struck from the top 



Ian.!: 

g^OL 

fusel 
In tl 
Ti.e 


■vhit t>ip radius rod. This member is under compression in 
'however, the tail drops and the weight is taken, the 
d Yead chansres to tension, as will be understood from the 
-e* rv of the chassis. It is sometimes the practice to fit the radius 
r'tv opposite ’krection— that is, to attach it to a point on the 
tue forward of the wheel so that it slopes downwards and back 
its Inading will be in the reverse sense of that just stated. 
- d* be univereaEv jointed at both ends, since it varies its 

•ko fisiasre and axle in both side and &ont elevations as the wheel 


ru ves up and down. _ . , i. j j 

Thp perfect two-wheel landing is rare. Owmg to gusts and side- 
^.4 is more frequently taken on one wheel first. There is 

then a”side component to be catered for. This is commonly achieved 
hv cr^ -bracing the radius ix>ds with streamline wires. ^ ^ 

* A^orm of trouble freauently met with in chassis of the kmd just 
dekxked is that the axle* is damaged by fouling some obstacle when a 
landing is made on rough ground. In taking ofi from ^ 
grass or scrub, speed is reduced and the take-off impeded by the low 
crck tube being caught up. This is a particular trouble in undeyelopeu 
count ries. The split axle type of chassis was, therefore, dewsed. A 
tvxdcal example was that used on the Rlackburn JBltichiTd (Fig. o-lt* 
Tl:;:/drh ucssiblv a little heavier than the cross axle type, there is some 
c;*mr imsaticn ± fee al^nce of cross bracing wires. 

It'will be noticed in this case that when viewed from the front, the 
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axle and radius rod move together as the travel is taken up in the 
compression leg. Their top end hinges must therefore be in line. In 
the previous example the fore and aft component in the fuselage at the 
top of the radius rod was taken by the longeron. Here the radius rods 
come to the centre line and a spreader tube is therefore fitted. The com- 
pression legs, which are universally jointed at their ends, are attached 
to the lower front spar stub fittings. The axles are subject to both 
tending, due to the overhang of the wheel, and end load, which varies 
from compression to tension according to the landing. The point of 
ii^imum bending is, of course, at the attachment of the compression 
leg. The stress here is inevitably big and can only be catered for by 
Mgh-tensile steel. That most frequently used is an S5-ton nickel 



chrome steel to B,S. Specification T.2. Weight may be saved by 
tapering the bore. This process, together with the bending and drilling, 
is best done by the tube manufacturers. An example which may be 
cited is that of the axle of a well-known light aeroplane, which is if in. 
outside diameter throughout. From the outer end as far as the inner 
side of the bend the thickness is 10 s.w.g. The next IS in. is a tapered 
portion where the thickness drops to IS s.w.g., at which it remains up 
to the top. A section of almost constant strength is thus obtained, and 
the saving in material and weight is considerable. In fact, the saving 
in material cost may be made to balance the expense of the extra 
operation. 

A simple form of split axle undercarriage for a large, low-wing 
monoplane, the Breda 32, is shown in Fig. 321. The wheel, which is 
braked, is carried in two forks. The rear fork is attached to the bottom 
of the rear truss of the spar. The front fork, at its top end, is connected 
to the lower end of an oleo-pneumatic shock absorber, already shown in 
Pig. 170a. The absorber, which on many machines is objectionabie on 
account of its large diameter and consequent la^e air drag is, ^ 
machine, completely enclosed in the leading edge of the wing behind 
the outboard engine mounting. This allows it to be attached to the 
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tLerebv improving the angle at wliicti it 


" wh.'ii tuiTilng on the ground or in an iinsym. 

] T! / i\jii raii5 from the wing root to the wheel 

“ ^ 1 t " Lad-and-'?iocket lolnt. If this type of wheel 

riioiinting is used, care must 
be taken in the design to 
allow for the quick removal of 
the complete wdieel so t^liat it 
may be replaced easily in ease 
of puncture. The light tubular 
framework which carries the 
wheel fairing can be seen in 
Fig. 321. Though this chassis 
is not retractable, every effort 
has been made to reduce drag, 
without, as far as one can see, 
paying for the refinement with 
increased structure weight. 

The success of an under- 
carriage, no less than that of 
any other component of an 
aeroplane,, depends very much 
on its detail design. The design 
of the axle has already been 
discussed in considering the 
loads imposed on the chassis. 
The track rod caEs for little 
comment. Though it may be 
strut and tie in turn, it is to be 
expected that the compression 
load wtE be the deciding one 
in fixing its size, and that 
it wUl be an “Euler” strut 
fi.e. that its length will be 
big in relation to its radius of 
Hence mild skei to .Specification T35 or T45 wiE probably 
the most ecjiiomical material to use. The notes on interplane struts 
ihii'lei OI are in many ways appEcable. A streamline section is 
fr»^qi>LtIy ’.isei. a blunt one having every advantage since it has a 
relatively higher mdius of gyration. The air flow, being diagonally 
a, r:ss ;h will increase its effective fineness ratio. On large machines a 
cimlar member with added fairing may be cheaper and lighter, but 
.f ;s jniik ::y lo be as advantageous as in the case of the interplane strut. 
Tins p iiJ will r-pay investigation in every case. 

Tie qiiest!-‘.n of traex width, or distance between the wheels, is an 
one which must be decided in an early stage of design, since 
:: ^ Tads involved are lixely to affect many of the main fuselage and 
wing stnietural members. From many points of view a wide track is 
desj^abie. It gives the machine a wide base and consequently good 
stalility in a sideslip landing or against the effect of a cross wind when 
taxying. In landing It tends to give a bigger angle of yaw when any 
hummeeks or uneTenneas are hit, and consequently to puE the machine 
up in a shorter distance. This same quaEty, however, wEl delay the 
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But with, wheel brakes these considerations need not arise, 
ttd the track may be decided by the requirements of stability and the 
^a^iis of turning wdth one wheel locked. Looking at it now from the 
p.hit of view of the compression leg, it will be seen that for er4iiai tra vel 
t member the narrow’ track w’ill feel softer in running on liiieTen 
"nmnd, but the lateral rocking will be greater than with the wide one. 





A track of one»-fifth to one-quarter of the wdng span apjiears tu be 
general in most designs. 

In a high wing monoplane there may be some coinplicatioii oi 
the chassis by the addition of lift struts. Fig. 322 gives some 
typical cases. The first is a very popular arrangement for machines 
in the light aeroplane class, with folding wings hinged about the rear 
spar joint. There are no complications, the two structures being 
independent. The compression leg slopes inwards and is theiefore more 
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: j .1 ' A struiii; cross strut iiiusi be oroYide-: 

'A “ A '/ eu!iix>oiieiit of this load at Coe toj, 

^ i-”’iVfik:riv suitable fur luediuiu- and laive-siz*'; 
‘ h^nsUi. the coisipressiou ie;r beeu!i>*s ui;. 

rs leg load is met at iLm inp }r. 
* "C '//'*** b it b-e-k to the fuselage and at th»,' 

", ” * ' W - ..wisji! ;e'r«*ss the ceiiire section of the frujit 



!«. a -.rnih^ .tiiaiigeiueiit, and economical in material since it reduces 
d / of liiaMng two perform a dual role. The objee* 

\ , that it is not applicable to folding wings, ami 

*} ? j. dbe.antling the vdng the midercarriage must come oif too, a 
7bei«-L will be appreciated in maintenance or repair. 

' Th ':LiT'i type- th^TiVn not aerodynamically ‘‘ clean,”, has been mueb 
'■-.-d i-. tl>- rust. It lias appeared, with small variations, in the designs 
V>-rL'wb:!-kn eaui tirms*as de Havilland, Fokker, Curtiss, Famian, 

! ^^'V. ilyan, and Stinson. 

Ti e^-iiipressioii leg is vertical and short, and therefore without 
. ; _ ‘ Ji, y" ghl.- t a the first type in this figure. Its upper end is mounted 
'it Ca- apes f..f a triaiigular'’pyt*aniid, consisting of the low^er half of the 
nriift >trut. the upper chassis strut and the drag member. The 
.'In i.nj lead A taken by the first two of these, by tension in the one 
uni in the* other, the drag member catering only for the 

i,'nu:tuiinal component when the leg is out of vertical. The upper 
rtmit is attached to a fuselage cross member, not to the mam 
plane spar. The machine, therefore, remains perfectly supported whea 
the main plane is dismantled. Two of these members, the lower half 




Fig. 324. Junkers 52 — Undercarriage 
{By courtesy of Junkers-Werke) 

end and hinged back to clip into a fitting on the rear Hit strut. It then 
acts as a “jury” member, supporting the front spar as the wmg niiiges 
back about the rear spar. With a little ingenuity it is possible to deyise 
a mechanism which automatically withdi'aws the front spar bolt wnen 
the front lift strut is released. . • ^ 

An original method of reducing undercarriage drag on a Iiigh-tsing 
monoplane has been made in the Armstrong- Whitworth Atalani<a, The 
difficulties of designing a retractable chassis for this type oi macniiie 
are great, but in the Atalanta only the wheels and tne outer ends of 
the axles are exposed. This arrangement has been secured at tly? 
expense of track, which is very narrow for the 90 ft. span of this 
machine. 

The axles are double-tapered tubes liinged on the fuselage centre ime. 
The largest diameter of the axle is at its mid length, where, of coi^e, the 
bending moment is greatest. The compression legs run up to the 
longerons, from which points struts slope down to meet Aie cen re 
axle attachment. This machine has no radius rods, hut a triaiigii 
tie plate from each axle runs forward to a fixing on the bottom longeron. 
In principle this chassis is similar to the first type illustratad on p- 1. ro. 
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of the lift strut and the drag member, carry loads when the aircraft 
is flying? serve a double purpose. If it were possible to use 

already existing structural parts for aU the chassis loads, much objection 
to the parasite drag of an undercarriage would be removed. The double 
axle and the track rod of this chassis are normal and of the kind already 
described. Though outside the scope of this chapter, it is interesting 
to notice here that folding may easily be achieved with a wing structure 
of this kind. The top half of the front lift strut is released at its lower 
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kriiic el't^amiess is due to the wide space between the fuse- 
the faiiiosr. 

7 ^isZ- aiaehined, and heat treated. 

. -1 > nf>t pdssibie in the low wing monoplane, 

le 1“ nrevent wing tip damage, but the iinder- 

owifig to the sliorter length of compression 



Fi-. 0-5. '“VEviA Gull’’ Undercarriage 

:Ey Cvurtesii of “ The Aeropkine”) 


- When the wing section is thick the vertical load from the 

a!. ^ - * takoii in bending in the front spar, 
ih-p nn'iv.r«?arria2e of the Junkers Ju 52 is an example of this. The 
run up into the wing at the front spar (see Fig. 321 : 
nht the and radius rods are attached to the fuselage at the wing 

- ,t , 

tfr !:.‘'*der!i macliiiies of this kind are usually fitted with retractable 
'l-warTVaires. These are dealt with later. On smaller low wing 
•i/r'hiu-s^ however, the fixed undercarriage is still popular since 
vi’huensior^ would impose too thick a wing section. An effort is 
lie th'^retore to reduce aerodynamic drag and a good example from 

- iVnival Vf^a Giul is shovm in Fig. 325. The compression leg is 
ade -urthd-utlv stiff to carry the whole side load in beading. Fore- 

-l-aft h ad is also taken in bending through the lower half of the 
leg and then through the back stay to the rear spar. 

Tne m-. untlirg of the leg on the front spar is made very rigid and the 
nr ii-'-m this pohil to the fuselage must be stiff. With a normal 
tA-wever, a cantilever spar which is stiff enough to take the air 
id Without undue deflection will carry the undercarriage load with 
Y h cal r-ii.h rceinent at the mounting. It must be realized that there 
tor-si-':--!: ei; the spar due to the forward offset of the leg and also a 
nipenent along the rib from the upper end fitting of the back stay. 
The wheel is mounted centrally in a stout bridge piece at the lower 
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eEti of the compessioii leg. The lower telescopic portion is splined to 
prevent rotation under side load which would occur when the point 
of tvre contact with the ground does not lie on the vertical centre line 
of the leg. It is, of course, behind this centre line when the tail is down. 

In the T.K.2, a low wing monoplane prodnced by the de Havilland 
Aeronautical Technical School, this type of undercarriage was taken a 




Fig. 326. T.K.2 Cantilever Undercarriage 

stage further by making it a full cantilever, the back stay being droppea 
(see Pig. 326). In a tail down landing with brakes on, the most severe 
case which can be imposed (since the pilot would not land tail up with 
brakes on) is the horizontal backward component which is as^jum^rd 
by the Ah* Ministry to be one quarter of the vertical load, 11 when the 
tan is down the compression leg slopes back at an angle of one m four, 
the forw'ard component of the vertical load is balanced out against tlie 
backward brake load. The back stay is not then necessary and the 
mounting can be made sufficiently stiff to take all the other loads. The 
wing structure must, however, he made stiff in torsion as well ass m 
bending. , . 

In spite of its advanced aerodynamic and stractural ctesign tins 
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■ . , Ana^ t'O maintain. The ends of the axle 

fVh.r^SMnare recesses in each arm of the fork. To 
n*"eessarT to remove the caps over these 
- 'P '*';"- r ,4 may be removed by taking out tlie single 

par 'sleeve. This bolt- is in shear from the 
P :'y' "^.XV*>v"?:drp;ad torsion case mentioned above. The 

V‘ PP'^r healing in the spar sleeve. 

^-uc?.vavi V'^P .-f tiieleg was not splined but had a key 



Fig. :I27. Cessna C-34 Undercarriage 
€c>Mrtesp of " Flight ") 

.*!■ fii&i. The whole surface of the lower half was double 
•h‘Twl!' .-liromium to reduce friction and the possibility of seizing. 

-I \ t"..-iihor bronze bearing in the upper half, this being slotted 
t " to kr the kr ys . Tise rivets holding the keys and hearings were counter- 

-ank ^-n thir wearing surfaces. 

•fj, -jto ^T-ierican high wins monoplane, the Cessna C-34, the under- 
; a-Lilv are ^cailtilevered out diagonaUy from the fuselage (see 
'■A! if- ^ PyG’s i' rr-.lablv the best compromise which can he made 
"'*”1 .-C.riii-*d"h:rh viiig monoplane and it is much cleaner than 

Pi ,r,-^'P"'^lPrsh^wn ::i r :g. 322. For the same vertical travel the travel 
m* 1 Ih>‘‘ ^ f the leg is much greater and the bending loads are severe. 

TV r^T-nis taken nof by splining but by two triangular brackets hinged 
rP,*” ' to the upper and lower telescopic portions. 

.1 'htuv S-231 tighter, the main undercarriage members ran up 
^hliArlv hrL^ the fuselage sides, hut at a higher level. They then bend 
-hA’v .-Laiplv to meet at hinges on the centre line. The travel is damped 
In Ti! dashputs tied back to the lower longerons. ^ This chassis is 
braced with wires running down from the centre hinge line so that there 
change in the wire length as the wheel travels upwards. (Fig. 328.) 
..iTitother s.dution of the single member chassis appears in the Gloster 
Gladiator ‘Fig. :i30b A single bent tube is mounted rigidly to the 
fitseiage each side pointing diagonally downwards and outwards. 
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This is made of high tensile steel and must be stiff enough to take all 
undercarriage loads in combined compression and bending. It 
also take the brake load in torsion. The shock absorber in this 
is mounted inside the wheel hub. (See Figs. 331 and 332. ) 

Tiie advantages of this design are its aerodynamic cleanliness and 
simplicity of maintenance. Its disadvantages lie in the restricted 
due to" the fitting of the shock absorber inside the hub and in the 
Multiplication of stresses in the bent axle member. 



Fig. 328. Letov S-231 Fighter: Undercarriage 
Attachment to Fuselage, showing Shock Absorbers 
(By courtesy of Letov) 


A recent Dowty development is shown in Fig. 329. In some ways 
this is similar to the internally sprung wheel mentioned above. The 
shock-absorber unit itself is small and located close down to the wheei. 
By a simple system of leverages a small travel in the shock-absorber 
unit itself is magnified many times. The whole unit is extremely simple 
and can be mounted on a cantilever strut, thus making a ver\ cleaii 
undercarriage if suitably faired in. It is also very simple to retract 
dnce only one member is involved. 

Retractable Undercarriages.^ The popularity of the cantilever mono- 
pkne in recent years has favoured the development of retractable 
undercarriages. The tving section is sufficiently thick to provide a 
housing for the wheel when, withdrawn and to contain the nece&^ry 
mechanism. In multi-engined machines the rear portion of the cowlmg 


* Many of the examples in this section are taken from the f 

1SS6, “Retractable Undercarriages,” G-. H. Dowty, to which the reader ss 
for a fuller treatment. 
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jiilalii the retracted w 
rcarriage may be with 
ill be dealt with. 

^ the wheel mii>t go i 


Dowty Shock Absorber 
dries!/ of G. H. Doicty, Esq.) 






Fig. 330 

{By courtesy of G. E. Doivty, Est 


Fig- 332 
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position of the centre of gravitv 
\\i r'‘‘ v^'ih the trim. The air resistance and its line of action will 

in toe two conditions of wheels up and wheeh 

d- -si'n. 



Fic^ Retractable Undercaubiage, Heikkel He. 70 

{By cmrte^^y of “The Aeroplane”) 


l"iie wlieels tip* Vuitee transport monoplane fold inw’ards, not 
■111. wards like tiiose of the Heinkel. The mechanism is sliown dla- 


Gasr sector faecf fc hndiryg ^ear shruiy 



■ hj-. r-yariegy of G, H. Lowiy. E&q., mid The Royal Aeronautical Society) 

grammaticaily in Fig. 334. The wheel is carried on an offset axle at 
the lower end of the compression leg. This is hinged at its upper end 
and has a sector of a gear which works in a worm driven by an electric 
motor. The moTement is thus irreversible and^ given sufficient local 
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in tlie detail parts of the gear and worm, the aeroplane may 
landed with the wheels in any intermediate position. An emergency 
J^anual control is also provided together with signal and warning 
Unices. The time taken to raise or lower the wheel by means of the 
j'ectric motor is 15 seconds. Speedy raising is desirable since the drop 
■ * distance improves the rate of climb, and should the engine fail 
aft-er taking off a shorter landing may be made on the underside 
machine, though, of course, with some damage to the structure. 
In the %^ultee “ V- — lA’" the main spar is 35 per cent of the chord 
from the leading edge, which gives sufficient room for housing the wheels 



Fig. 335. U.S. Am Cobps (Engineering Division) Retraction Gear 
{By eourte&y of G. B, Dowty, Est]., and The Royal Aemnautieal Society s 


m front of the spar, leaving the stUl deep section behind for the fuel 
tanks. As on the Hemkel, the compression leg and wheel have attached 
to them, edge on to the line of flight, the fairings which cover the wing 
recesses when the wheels are up. An important point in conneciion 
with these fairings is that when up, they carry their share of the air 
pressure on the undersurface of the wing. They must, therefore, be 
reasonably rigid. Further, this upward pressure will counteract the 
weight of the chassis at the moment when lowering begins. In the 
manually operated chassis of a certain small cantilever moiiopiane, 
it was found extremely difficult to start the downward movement 
against this pressure. 

A manually operated mechanism for sideways retraction, designed 
by the Engineering Division of the U.S. Air Corps, is shown in Fig, 335. 
Tension on the upper cable first puUs the slide to the right. When tins 
comes under the upper pulley the cable leaves the slide pulley and. hffcs 
the wheel directly. The travel of the wheel is governed by the slide 
and by the hinged side member. 

Whilst the development of retractable undercarriages has been 
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AMPHIBIAIT WHEE 

Hf ftallbcLuicn 


Fig. 339. DoamEU “Libel^ . 

(By courted of Dozier 
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aih^’Haft construction 




^t!:d dependent upon the developin^^nt nf tL^- 
"’ll- ^:*-*nlane. some neat mechamsiiLs have 
C’J ,1 One of these, hi ted to 

rated in Fig. ^36. 

\ I niiwl side%vays and inwards. Two opp.jseu hydra::- 
,t link at the middle of the side bracin;? tube 




hf I hi! 


v!v ^kj-nekle joint. The jacks work simiilta:>-o:i>]v an-I 
'/ ^ipwiirds. The consequent short enin-^^ of tb,. 
,, leg and wheel inwards. 

r'lbVh€^''^nn:edbian (Figs. 338 and ikhi* the 
■i»id n^wards to a recess in the hull side. The nnpp: 
riangiilated structure has a knuckle joint at its nebi 




Fig. 341 

{B)/ courtesy of "FlighV' 


-1- tie- wheel is lowered this passes over dead centre, and ianding 
t'ads*'c^rnl>-qar'ntlv put- tension in the cable attached to the knuckle, 
kiiucVie joint is pulled inboard. Watertight bulkheads 
on each side of the recess into which the chassis 
The longitudinal strength of the hull must he secured by 
.^-^inuous members above and below, 

diailar arraneement is used on the Grumman JF-1 Ampliibiaii 
Navw '’This is operated by a hand w^inch through a system 
. riiau:.-* 'mid sprockets. The weight of the chassis is counterbalanced 
..v^meaLr- of shc«/k absorber cord and about 45 turns of the handwheel 
ur-fc* needed to raise or lower it. (Figs. 340 and 341.) 

Xt-e tlr^t example of backwards retraction in England was found m 
the li^peed Goiirier (see Fig. 342). The back stay, whioh runs from 
the bGttc?m of the compression leg to the rear spar, has a knuckle joint 
at *une-third of its length from the bottohi. An hydraulic jack by which 
the chassis is leaked mns from this knuckle to the top of the rear spar. 
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Tlie coasists of a double-ended pump, and the piston is moved bv 
pumping oil in on one side and withdrawing it on the other. The short- 
ising of the jack breaks the knuckle joint and lifts the compression leg 
and wheel about the hinge on the lower flange of the front spar. The 
operation is controlled from the cockpit by means of a hand pump 
and three-way cock as shown in the diagram. 

The wheels of the Douglas D-C.2 retract upwards and forwards 



about hinges at the top ends of the back stays, as shown in Fig. 

This back stay is attached to a stirrup round the wheel and there are 
two compression legs to each wheel. These are joined above the wheel 
by cantilever triangles of tube meeting at a centre pin. Above this is a 
pyramid, to the forward pointing apes of which is fastened the hydraulic 
jack. , ^ . 

A method of retracting forwards recommended by Dowty* is illus- 
trated. diagranimatically in Rig. 344. He says of this that it^ does not 
depend upon broken limbs of any kind ; in fact, this system is the very 
^sence of mechanical simplicity. The undercarriage structure conforms 

^ See Journal R.Ae.S. April, 1936. 
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i usual side V ” comprised of front shock 

: to from and rear spars respectively. The 
however, is housed in another cylinder 
n-'' front spar. This cylinder acts as a Jack, 
L^strat terming the piston, or ram. Retrac- 
‘--il below the piston, thus shorteniiig 
the wiieel. A worth-while feature is the 
-v ehortiiess of the C.G. arm from the 

ntilioii,’' 



Fio. 343. Douglas D,C .2 Undercarriage 
of '‘The Aeroplane^ 

L-^ subject or' vemtirm mechanisms is a big one, with which it is 
’irop-cidto in' f. h: '.Irterd since proprietary articles (pumps, motore, 
r:d values, etc.) are usually used to build up the system. 

listing methods may be classified as follows — 

I. Idanual 3Iechanicai. 

Mamml Hydraulic. 

3. Electro-Mechanical. 

4. Electro-Hydraulic. 

5. Engine-driven Hydraulic, 
d. Piiemnatic-Hydraulic. 
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The Manual Mechanical system is conjfined to small machines where 
the weight to be lifted and its travel are small. Further, the leads of 
iailes, etc., from the cockpit to the undercarriage must be simple, or 
the weight and frictional losses wiU be too great. (See Pig. 345. ^ 

In larger machines up to 4,000 to 5,000 lb. all-up weight it is simpler 
ta use an hydraulic lead from the cockpit with a system such as that 
shown in Fig. 342. A few points should be remembered. It is difEcult 
to provide a light flexible coupling to stand up to the pressures used. 
Therefore the jack should operate as far as possible in one straight line, 
if its lengthening and shortening involve rotation about one end this 
problem of a flexible coupling will arise. A further source of difficulty 
is the frictional loss in the pipe 
l^es, and therefore as large a 
diameter as possible should be used 
with the maximum radii at the 
bends. 

In military aircraft and in large 
commercial machines, manual 
operation is not practical and 
the designer must turn to electrical 
or engine driven operation. The 
former is heavy and liable to 
unforeseen breakdown. There 
should always be an emergency 
lowering gear operated by hand. 

The engine- driven hydraulic pump 
h inefficient and must operate 
all the time that the engine is 
running, by-passing the oil except 
when in use. 

With regard to the pneumatic 
hydraulic system, Dowty suggests 
that this would prove to be light. 

Air alone would not be sufficient without storage bottles of prohibitive 
weight. By means of a pneumatically driven oil pump, however, the 
pr^sure can be geared up by as much as ten. 

For military aircraft the Air Ministry require locking dev'-ices and 
a duplicate system of indicators and warning to meet every emergency, 
\ATiilst the use of a retractable undercarriage in itself will give an 
improved performance, an elaborate emergency system may seriously 
reduce the military effectiveness of both pilot and machine. For civil 
aircraft where the official requirements are as yet optional, the weight 
and elaboration of the undercarriage retraction gear with its accessories 
should be compared with those of the other controls. A forced landing 
due to failure of the elevator controls, for example, would be extremely 
hazardous, but a landing with the chassis jammed in the *'up ’" position 
may be and has been brought off with little damage to the macMne. 
If a sense of proportion is lost the retractable undercarriage wEi be 
severely handicapped. 

Attention paid to the following points will prevent some of the 
troubles which might cause unsatisfactory working. 

1. The travel of the compression leg must be known exactly so 
that the recesses for the wheel and members of the chassis will 
always fit. 
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^ '--v*:*ta!.t !* >r sideways retraction of the typ**;. 

'"‘‘If' 'p**" he pr 4ected from mud, rainwater, spravj 

"fv /' * 4. a T’d corrosion. Thev must be aceessibl#* 

» , A fi "n u,u-- -- 

r . v,t:. El and maintenance. 

" ' /“tph ‘d. 1 - ^^! mu't I'tr-'iug enough to take the forct-s due to 

hV^,V.’r'I ry-y*'” ^ , aaiiiage the nieehamsm by - >V'-y^y::Ah\^ 

. r*T-*- ‘ V’b';/:'L- systems where one side may opt-rate 

' ' h ' T; tU,. *ia! »t must be able to w'ork the svstem 

,n.!h th 'i h aie fully d *wii. 



5 wi^'^’le structure must be a sound mechanical job in which 

ro'rv n-lsiUt! cause of failure has been foreseen. 

fte "Cdinpre^ioii Leg. it is not proposed to go into the design of 
. 1 . .ck abS'Orber, except in general terms, since this is more a 
!^t--'haiihal than a structural featui'e.^ There are several alternative 
available. Kubber in tension w’as at one time used largely as 
r’^ ral^'^'rbinu medium. It was applied either as a number of rings of 
rur-her length of rubber cord wound continuously. This type 

« a-lamelv been superseded now owing to the unreliability of the cord 
and'betiise it does not dissipate the kinetic energy satisfactorily. 
La^er tvpes of compression leg incorporate some kind of recoil absorber 
to Vievtuit the aircraft bouncing ujiduly. The ideal leg allows the 
machine to travel across the ground steadily, aU unevenness being taken 
the shock absorber. The effect of this, not only on the personal 
onmfort of the occupants, but also on the take-off qualities of the aero- 
plane, will quickly be appreciated. 

Bubber in compression has many advantages over the same material 

* dee *'Slx>ek Absorbers lor Aircraft Landing Gear,’* by W. S. Hollyhock, in FligM 

Aircraft En^n^r Supplement), 24th April, 1931, also “Undercarriage Develop- 
ments,” by Do^uv, JoMm. i2..4e.S., February, 1930. 
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in tension. It is easier to ftt, suffers less from deterioration, and has 
better absorbing qualities. A simple method of applying it is to make 
the top or fixed portion of the leg in the form of a chamber open at its 
lower end. Into this are put circular rubber rings of a square cross 
section, separated by thin aluminium plates. A piston attached to 
the top of the lower portion of the leg transfers the 
/P\ load from the wheel. When this load is relieved the 

rebound is taken in a rubber ring between tfi«* 
underside of the piston and the closing cap of tin* 
compression chamber, which also acts as a guide 
for the lower tube. The arrangement is showii 
diagrammatically in Fig. 346. An approximately 
square cross section of ring has been found to give 
the best results. The exter- 
nal diameter of the rubber 
should be sufficiently less 
than the internal diameter 
of the chamber to allow free 
expansion sideways under 
load. The separator plates, 
which should be a sliding 
fit in the chamber, must be 
smooth surfaced to en- 
courage the rubber to spread. 

The rings are located on the 
plates either by being 
moxilded on to them or by 
lipping the centre hole in the 
plates.^ 

The leg is usually charged 
wdth a slight initial com- 
pression applied through the 
rebound rubber by the 
closing cap. This may be ; 
made equal to 0*5 to 0*75 of ’ 
the static load on the leg. 

A rubber compression leg wiU be cheap, simple 
and light for a small aeroplane, and gives quite 
satisfactory results. In medium and large-sized 
machines the external diameter of the compression 
chamber necessary to accommodate the rubbers 
becomes excessive. 

An alternative arrangement is to pro\dde a 
strong telescopic centre guide with external rub- 
bers, which may be of a streamline plan form. 

The whole is enclosed in a light alumimum faming 
attached to the top fixed portion, or telescopic and attached to bot h 
fixed and sliding tubes. 

Helical steel springs are sometimes used in much the same way as 
compression rubbers. The weight, however, becomes big if anything 
but a small load is to be taken. Though heavier than rubber, springs 
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Fig. 346 



Fig. 347 


^ See “Compression Rubbers,” by G. H. Rowty, A.F.B.Ae.S., in FiigM f Airsrsft 
Engineer Supplement), 24th June, 1926, for design data and further 
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j ' 'i.j ?vririce is expected and spares difficult 

*, * .if* i- uA:*!:. suitable lor warm climates. 

A u.b n*:. r: A ?* ‘ i ? Aw.—n rubber and springs is in their 
r. ? r Ana-^ La%'e an almost even resistance to an 

id”, 'it r h’ : I' tl :ut:i th'-y become solid; that is to say. their 
u" - ri''. u* ;;v ^ a -‘nhjh: i'nr. Rubber, on the other hand, has a 
uri : .1!/. ,u n :.u : -l.'t.ii.c- :>* an evenly applied load. The travel 
r- Mt :h'-u ; .j u!.-i u-bnes a- the rubber hardens. It therefore srives a 
^ for ? ,,t 2 .. ;•■ h.-uneii:g cha-sis f-r taxying. An example of^a steel 
re u u !r ti.c de Havliland SG type is given in Fig. 347. This 



cemrn.-ssic’L strut, designed by Dowty, has three springs. Between the 
I ar.^l second are split ccmes which expand under load and bear 
Laid cn the tube walls. Some of the kinetic energy is thus converted 
t-'V fricticT* into heat which is dissipated. 

Tiie type of compression leg used almost universally on large and 
adrcraft embodies the principle of the oil dashpot. In 
rids the application of the load forces oil from a container in the lower 
ra trim cf the leg througli a small orifice into the top portion. 

Toe r^rsistanee, so: coume, depends on the size of the orifice, oil, like all 
a iu: is, b^.ug incompressible. The energy of impact is not stored up, but 
used in transferring the oil from one chamber to the other. The leg 
wcnld therefore go solid without rebound if some external means of 
:<'.n;ng it were not added. The dashpot is combined with a system 
: retaining tiie iiil 10 the lower chamber immediately the load is 
rrheved. Several methods are available. Fig. 348 illiistrates three of 
these .iiagranimatiscally — the oieo-pneumatic, the oleo-mbber, and the 
oko-spring. The air in the oleo -pneumatic leg is imder an initial 
compression. As the oil is forced through the orifice the pressure 
increases. At any momentary reduction in the load the pressure is 
reduced by forcing the oil back. The initial compression of the air is 
such that it exactly balances the weight of the machine when standing 
with the legs in the static petition. 
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A needle is shown attached to the rao\dng portion of the leg and pro- 
truding up through the orifice. It is tapered and thereby reduces the 
effective size of the hole as the travel approaches its maximum. At 
the same time it gives easy taxying qualities. 

The properties of such a leg may be greatly modified by varying the 
orifice and needle diameters, the size of the air chamber, and with it 
the initial compression. 

The principles of the oleo-rubber and oleo -spring legs are the same as 
that of the pneumatic. ^ Rubber rings or springs, as already described, 
are used. Though heavier than the compressed air leg, there is a slight 
gain in that the upper chamber, being at atmospheric pressure, does 
not need to be of so robust a construction. Other objections to the 
pneumatic system are the difficulty and cost of making and maintainirig 
a compression tight gland, and a fear of the consequences should the 
upper chamber be ruptured in a bad 
landing. Apart from these, the oleo- 
pneumatic leg appears to have every 
advantage in weight, durability, and 
service. 

There are many variations of these 
systems, which have here been stated 
in their simplest form. An example is 
in the Fairey III F, a two-seater, general 
purpose military aircraft (see Fig. 349). 

The chassis is of the plain V type with 
cross axle, as shown in Fig. 319. The 
landing impact and taxying loads are 
taken on rubber blocks in compression. 

There is a big rebound with this material 
when the load is relieved. In the Fairey 
leg it is checked on the return by an 
oleo damping gear. This can be varied 
to suit local conditions. The leg consists 
of two tubes sliding one within the other ; the upper part carries tlie 
rabber buffers, whilst the oil cylinder is in the lower portion. The 
whole assembly is very compact and lends itself readily to the fitting 
of a simple fairing. 

A similar hut larger unit, from the Short Scylla, is illustrated in Fig. 
351. It will be seen that the volume of the oil chamber does not vary 
and that the piston carrying the relief valve passes through the oil 
from the bottom to the top as the leg is compressed. 

The undercarriage leg of the Vultee V.ll (see Fig. 350 ) is coiLstriieted 
in a similar way to that shown diagrammatically in Fig. 334. 

It appears that a strong box girder carries the fore-and-aft and side- 
ways bending loads. The vertical reaction is taken, on the internal shock 
absorber which is thus freed from bending loads. The cantilever axle is 
mounted in a heavy fitting which is attached at its top to the oleo and 
w’hich runs on “V” slides against the front and rear walls of the bos 
girder. This fitting is welded up from steel sheet, but the box itself is 
constructed from aluminium alloy. 

Wheels. There is little in wheel construction which calls for the 
attention of the aircraft designer, since they are standard articles, 
produced in three or four proprietary brands. The choice he must 
make is between intermediate- and low-pressure tyres. The dilfereiice 



Fig. 349 

(By courtesy 
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-■! Fi;r. Uwing to the narrower width 

Vf ::;o iiitcriiiediate pressure tyre wiiicli 
= ' - n: • 'f tlie ax:*-.- is less. 



Fio. 35h. VrxTEE '*T-ir’ Undercabriage Leg 
V Bj coiirfesy cf Vuliee Aircraft) 

On the other hand, it is claimed for the low-pressure wheel that, 
though i: is wider, the air drag is less. This type has a special advantage 
on soft, muddy, or sandy aerodromes, the greater width reducing the 
pressure on the ground and preventing s inhin g. Further, it has con- 
siderable shock-absorbing qualities, even when punctured. 

After trials on all types of aircraft the general tendency now is 
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towards the intermediate pressure tyre as the best compromise between 
tlie now obsolete high pressure and the newer low pressure tyres. The 
Rowing popularity of wheel brakes has possibly mfluenced this develop- 
ment since it is difficult to design a satisfactory brake within the small 
hmensions of the hub of a low pressure wheel. 

Take-off time is influenced by wheel diameter, and a poor take-off 
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Low Pressure 
Tyre 


Fig. 351. Short “Scyxla” Oleo Leg 
{By courtesy of **The Aeroplane") 


Fig. 352 


may be improved by the use of a larger wheel which reduces the rc>ta- 
tional speed at the hub.^ 

Wheel Brakes. Very definite advantages must be proved for any 
increase in weight, particularly to a unit already so parasitical ^ the 
chassis. Yet the extra weight involved in the fitting of brakes is 
justified on most aircraft by the fact that they reduce the landing run by 
a>mething like 50 per cent, thus making a forced landing in restricted 
space a safer operation. 

^ For further information see “Wheels and Tyres/’ by G. H- Dowry, A.F.RAe.S., 
in Flight (Aircraft Engineer Supplement), 25th April, 1930, also “ Aeroplane Covmm 
md l^eels,” by J. Fellowes, Journ R,Ae.S.f Feb. 1933. 
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further advantages lie in the increased control on the ground, 
i^icularly in cross-wind taxying and in the smaller ground crew 
^^sary for handling, 

"" Considerable modification is necessary to the ordinary chassis before 
d is suitable for brakes. The wheels must be thrown forward to such 
a position that there is no tendency for the aircraft to nose over on 
to^hing the groimd. If too far forward, however, the load distribution 
^tween wheels and tail skid becomes such as to impose severe strains 
oathefoselage.i 

The chassis members must be made stronger to carry the additionai 
load which is now placed on them. The friction between tbe tyre of the 
locked wheel and ground acts as a moment about the hub or axle centre, 
creating a torsion in that member. It may be counteracted in a number 
of ways. The first is that used by Vickers in the chassis shown in 
Fig. 353. 

The brake drum of the wheel is attached to the flange of the axle 
fitting, which is very robust and holds the ends of both axle and radius 
rod fixed. In addition to the other loads which these members alreaMiy 
eaiTV, they must be stiff enough to resist the bending put on them by 
the "tyre-ground friction acting about the hub centre. 

An alternative method of counteracting the torsion is shown in 
Fig. 326 and already discussed on page 279. The brake drum was 
bolted to a flange on the axle, the ends of which were squared. These 
ends fitted into recesses at the ends of the fork but stood proud by a 
few hundredths of an inch. The caps could thus be pulled up on them 
to counteract wear. This method as carried out on T.K.2 implies a 
stout compression strut and a robust anchorage to the wing structure. 

The types of brakes used may be divided into two. Both are totally 
enclosed and have a tyre and rim moving round the drum. Pressure is 
applied to the rim through friction linings by expanding shoes in the 
one case and by a flexible annular expansion chamber in the other. As 
with wheels, the brake design is outside the range of the aircraft con- 
stractor, and complete braked wheels are supplied as standard by 
several specialist manufacturers, such as Dunlop, Palmer, Goodyear and 
Bendix. 

Engine Mountings 

There is no standardization in aircraft engine mountings. Three 
factors account for the great diversity which is found — ^the engine ; 
the structure, whether fuselage or main planes, to which it is attached ; 
and the position of the engine in relation to that structure. 

Engines may be grouped into three main classes for the purpose of 
designing a mounting — 

1. Radial air-cooled — e.g. Pegasus, Jaguar, Whirlwind, Lynx, Genet. 

Pobjoy. 

2. In-line vertical air-cooled — e.g. Cirrus-Hermes, Gipsy, Dagger. 

The estimation of upsetting moments is simple. See the following „ „ . 

“Wheel Brakes and their Application to Aircraft,** by G. H. A*t^‘**" 

in Flight (Aircraft Engineer Supplement), 24th November, 192 i,- 
1927; 26th January, 1928. , ^ ^ 

“Wheel Brake Equipment for Aircraft,*’ by the same, m Aeroplane (Aero. Eng. 
Supp.), 29th August, 1928. _ . . . . 

“Aeroplane Braking Systems,” by R, 

June and July, 1931. 
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3, \\ - witL tvvo three banks of cylinders arra?- -v-i 

rin r’r ' — e.g. KestreL Lion. ^ 

la n:~t ^uup ih: ea^nne is artaebed to a vertical circiiiar nia^- 
.• r r.aj. . ^ • atiA* with the cyhndt^rs and crank ease. In the Ih*. Tt 
..nh: ::..r: jn it is attached to two horizontal fore and aft' 

' !r‘ vlown each «: ie o: the crank case, parallel to the tlii^ust liner ' tU 
.'injdnr iIlj r h^ziz ntal gii^ders as the case may be are in 
<T i r k !h‘' n.a:n strneture of the machine. ' ^ 

Tie* nedh,.-i t-f itrnitinc employed depends on the part of the a^- 
fnan- wihch the ermine Is attached and the members available 
u,»v attacoineLt. A tnrtner dmicolty lies in the clearance wlisch 
be ^.\-en to the oaek or lower projections of the engine and th-' 
aicv-.'-dnLty re-pi:red for such parts as magnetos, carburettors 
^parking plag^. ' 

Th- eases considered h^r stressing are searching. The first is that rf 

the machine iiindns in flight with engine on, a combination ’ of loadl 

fieing assumt- i as acting. These loads are — " ' 

1. It ravity forces ; 

2, Thmst and torque of the airscrew ; 

S. Gy roscopic couple. 

ihe two of these are usuaily the deciding items, the gvro^:fot>i 
cuuple being only of importance when a large heavy airscrew i«"fitt^d^ 
Koiary engkes caused a load of this kind, but they are now ob^oUt 
The Second case is that of normal flight and landing with eno-lBe'^-fi 
the ponndpal load being due to the weight of the engine. In the tlid 
ease the machine is assumed to be resting on the ground whilst th 
efigine runs, exerting maximum thrust and torque. The loads ar^ 
therefore considerable in all three dimensions. 


Taiiegarst the radial air-cooled engine, Fig. 354 shows the mounting, 
of a Jupiier in the nose of a Fofcker C-V fuselage. The outer rinS 
and Its four struts compose the cowling structure and take no sh^ 
m the primary engine loads. The inner ring is a continuous steel tubi 
to which are welded nine channel clips, picking up nine holdins-dow,i’ 
tioits on tee engine. From tto ring the mounting structure nils ba-k 
to the tuseiage m two bays with an intermediate transvezse panel The 
top comer fore and aft members are in tension and the lower ones ir 
compression under the gravity loads. All have tension loads under the 


- . vw «,’VAMuc: uepeuos oj]_ r hp 

the au^serew rotation relative to the diagonal bracing tubes in 
ana vertical^ bays. It is in opposite directions on the 
poTt starDoard sides of the moimting. It will be seen that the whole 
structure is a 4.^ 4 . 1 .^ e- ■. . v. Hnuie 


. UlXCLb LJjy WliOie 

welaed one, similar to the fuselage construction. It is 
i-emovaoie as a unit by taking out four corner bolts at the fuselage 
a. .dcmnent pomts. This allows of the whole unit being changed easilv 
struct^ is undoubtedly satisfactory for takik 

...le rue eD.gme. There are no pins to get worn and displaced 

ana no rae Pracm^ to siiffpr frnm ^piaceo. 


, ,,, ixjLeuxiaiiicai loints 

should be assumed to be reduced at least 60 per 

iTGhi t lie normal strength of the material. ^ 

(.A rf- i® “I®-*!® lip meohaiii- 

Td'tClkt 1 The tube ends are flattened 

uDu t,.e joints made with gusset plates and tubular rivets 




. 





Fig. 855. Ctetiss "'Tkeush’' — Engizot Mounting and Front End 
or Fx’selage 

^•juTtes'M o! Tm CuriUh- Aeroplane & Motor Co., Ine. ) 



Fi«:w, 356. Short “Vauetta’’ Engine Mounting Details 
\Bm cimnesy of ”FlighV') 
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4 system of absorbing the vibration in rubber blocks is applied in 
aircraft, an example being in Fig. 356, the mounting ring of the 



Fig. 357. Westland “Widgeon” Engine Mounting 
{By courtesy of 


JfipUer XLF engines in the Short Valetia. This method is useful 
only in reducing the fatigue on the surrounding structure, but also 
L. increasing the comfort of the passengers and crew. Proprietary types 



Fig. 358. Fairey “Fox” Engine Mounting 
(By courtesy of the Fairey Avuition Co.^ Ltd,) 

f rabber dampers are sold under various trade names, such as 
Dynaflex” and “Silentbloc.’" . 

A simple mounting of the horizontal girder type for Cirrus 
i Gipsy engines is shown in Fig. 357, the Westland Widgeon, hike the 
bkker mounting, this is in mild steel tube, welded. Four v^ica 
hold the engine in position, passing down through the hemmr 
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if tlu. 


, , }^endin^ and tension due to gravity loads, Th^ 

. tt* tne bottom rear fuselage attachment are un&r 

■ ‘rC'-‘,r> iU‘ of the engine, relieved during riiiiriing r.y 

.\'5Sijn tniii* ^ thrust. The torque relie ves^tiir- 

load on one side and- adds to It or. 
JP ..1 the other. The M-braced cross pa:>-: 

is put in for torque and side load, 
"’.m and the crank case is relied upon 

carry the horizontal reaction at tiie 
top ends of the bracings. 

This mounting, as with the previoiifc 
ones, is attached to the fuselage by 
four bolts. Not only can the structun:' 
be removed to fit another more suit- 
able for a different type of engine, 
but in the case of a nose-in cwtsli the 
part most likely to be damaged can 
be quickly replaced. 

An engine of the size and power 
a more robust structure than the 



\ it'i 


Fio. 

Op tzlrej A ” 




> n,€i^irr 
list desc: 


liaturaliy requires 
ibed. 


raiiv requii»;s> 

The mountinglof such an engine in the Fairey Fo 



Fig. MuHEAxrx 170 — Engine Mounting 
: ^etdi J. Gaudefrotf, lent hy *‘FASronauiique ”) 


= - ;i:,i 5 tr«.ted :c Fig. 358. The joints axe welded, but additional security 
is Sdi' by the welded finger plates and pins at each node. The more 
"•"'eav^V loaded members are sleeved at the ends, as will be seen in the 
F-af ■ Fig. 35S -. The wav in which a sudden change of section is 
avoided should be noted. In one case the sleeve is “ cod-mouthed” ana 
in the ether it is chamfered off. 
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In France it is a common practice to monnt engines of tins kind on a 
built-up duralumin structure. Pig. 360 shows the construction of the 
sonnting for the Hispano-Suiza 500 h.p. engine in the Mureaux 170 
picrhter. The method of taking the loads is exactly similar to that 
discussed. Such a mounting is extremely rigid, and it would be 
iateresting to have comparative weights. It is undoubtedly more 
expensive to manufacture than the welded type, at least with labour 
eh^es as they are in England. 

The mounting of a power plant outboard in the wing structure is 
always more complicated than in the fuselag^ The engine, overhanging 



Fig. 361. Fiat G.2 — Outboaud Engine Mounting 
(By courtesy of Aeronautica d’ Italia) 

tte leading edge and strutted back to the spars, causes by its weight an 
up load in the rear spar and a down load in the front one. This relieves 
the air load in the front truss and adds to that in the rear. The torque, 
thrust, and ‘‘gust” conditions complicate the issue, however, and it is 
difficult without a detail stressing of any structure to know what the 
total effect will be. 

When the engines are fitted outboard on a thick-sectioned cantilever 
monoplane, some such arrangement as is illxxstrated in Fig, 361 is 
usually adopted. This example comes from the Fiat G.2. To give the 
mounting as wide a base as possible, and so to reduce the loads in the 
members, the horizontal bearer tubes are bent up behind the engine ^d 
run to a fitting above the top flange. The lower diagonals are carried 
well below the spar to points which, although outside the normal ■mng 
section, are faired in by the cowling. Between the top and bottcm 
attachment points the spar is stiffened by a vertical channel, mid the 
web carries a large doubling plate with flanged edges attached in the 




libcraft construction 

rith £i multiplicity of rivets. The bearer tubei 
uilt up of channel sections, 
ne mountiiig has been deveioped in Geruiaip 
302h 

are of aluminium alloy and the fittings ar 
dniiim alloy. It will he seen that the side brae 
to the rear engine feet, and that the hoiizonta 
forward. While this means that the heare 








Fig. 302. H.A. 139’* ..Engine Mounting 
iBi/ courtesy of Blohm d' Foss) 

tubers be ef large diameter and heavy gauge, it leaves the sides of 
engira.' ‘"Xtremely accessible for maintenance work, 

'""a novel f.rm of suspension is used to allow for torsional damping 
vei rival defections.* One side of the engine is attached to hinges on 
n 3 /r.eaTer tube, whilst 021 the opposite side there are rubber mountings. 
Tie enrrine thus has a certain amount of freedom around the axis 
plTj£z-cih*^ crankshaft-, but to one side of it, thus movement of the 
enuine itself has only a limited effect on the axis of rotation of the air- 
■jcicw and secondary gyroscopic moments are avoided. It whl be seen 
! at the rt-ar end the horizontal bearer tubes are anchored back to a 
'•urulai spar uf the kind described on page 141. 

-Inather FTreiman development which is of considerable interest is 
* i.e en-^me ni^iiiating of the Junkers 87 Aircraft. The main engine bear- 
eis are elektron forgings. As in the previous example these are can- 
tilevered forward of the rear engine feet, leaving the cylinders much 
more accessible than if a completely triangulated structure were used. 

The bearer members are forged as shown in Mg. 364 and this, 
of couise, Is extremely economiesd when large quantities are required. 
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I .. - A--: t!.-' :ur-:ed blank and the fiiiislied bear^- bliuws 

. I wurk :5 done. This consists only of driilini^r 

«•! .! " : t!.“^ lilies fjr tlie two engine feet, tui^ning the” rear 

.''iVi.-ie a:-^! nJIiina' and drilling the double lug wiiicli carried 

'-at fr-.-m a typical forging (which is of elektrs>ri allov 
\kM “JiT..’ L.'- Brltis!i -pccilicatiou D.T.D. 259) show liiat ili*. 

'ira’Ui%‘ ^ nowhciv less than IS tons per square invh. 

,, 1 ^,; q.a’ n.hdu.'iij. erjiigatiun is 12-h per cent. The 0*2 per i*»uii 
. 1 ^. : c. :' Cx - v.eak-st speflnien was 7*6 tons per sciuare inch, and 
tU LiN.--* Lrh ieL> p^*r square inch. The lower proof stresses were 
iLsUai in the hanied*idte iieighboinhood of the main bosses. 

A furtlc-^r variety of mounting consists of a duralumin monoeoque 
witli eitiier tiorizontal girders or a vertical front jdate to carry the 
eugiia*. aceuiding to the type used. There may be economy in this, as 
iLc acts also as the cowling or rear end fairing of the erigine. 

I’he large n 'movable panels necessary for access to magnetos, control 
and so forth, reduce the shell strength considerably 
and makr the method more suitable for a fuselage than fur a wing 
Lr ^uid inv. 

A furth^*:* fiiffieulty lies in dealing with the highly localized loads 
!h-m the engine feet and transmitting them to points on the wing 
'•^tnr'iure. TIicse difficulties have been overcome in the Short Singa-pore 
II : wiiciv taiideni ^Tn-iine” engines were used. (Fig. 305.) Twvj 
bearers run from end to end of the nacelle and diagonal frames, 
b y the shel! plating run up to the strut attachments. In the 
sup'-riuarine Siramaer which was fitted with two radial engines, one 
in each nacelle, a heavy ring is provided at the forward end to take the 
^■Tiginc base plate. ..See Fig. 366.) 

B'ith tlwse csauipies are taken from flying boats where the factories 
wriv fe'i.piipped for haiidiing this type of structure. 

Flying Controls 

TL»‘ ;!yii/g conlruls of an aeroplane, though not part of the macliioc's 
-Uueture, pre>ent in themselves certain structural features which will 
Ic discusseti here. Questions such as range of movement, diflereiitial 
motions and areas of control surfaces are not within the scope of the 

I'lvscnt work. 

Idle diagram of controls in Fig. 367 will serve to illustrate many of 
tlif The ailerons and elevators are operated by hand at the 

V . ntn '1 Column Ik The rudder is foot-operated from the rudder bar F. 

Tiir cabh,-s A from the levers on the ailerons pass back over pulleys 
a diujii at the front side of the handwheel at the top of the control 
In addition, there is a balance cable B between the levers 
the ailrrons. t^pposite to those connected through to the control 
Turning the handwheel to the left depresses the right aileron 
u.lI through the balance cable raises the left. This increases the lift 
•uL the right wing, and causes the machine to bank over, left wing down. 

The control column as a whole rotates in the fore-and-aft sense 
ab..-ut hinges on the bottom cross tube. Levers on this tube are con- 
nected by cables to corresponding levers on the elevators. Forward 
movement of the column depresses the elevators, increases the lift on 
the tail, and forces down the nose of the aircraft. Reversing the 
motion causes the machine to climb. 
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Similarly the rudder bar is mtercoiinected with the rudder by cables. 
4tura to the left is made by pushing the left foot forward, thus rotating 
me rudder in a clockwise direction, viewed from above. 

Manv variations in the details and connections thus outlined are 
found in different designs, but the directions of motion are always the 

^p^-and-push rods are frequently used instead of cables. Although 
Javier and possibly more expensive in their end fittings, they are 
^re durable, do not stretch, and are without backlash. Since they 
transmit movement in both directions, double levers are not fitted 
with a cable system. 

On light aircraft the handwheel method of aileron control is usually 
i^Iaced by a control column which is universally jointed at its lower 



end. The aileron motion is then applied by moving the top ol tiie 
column to the left for left bank and to the right for right bank. See 
Fig. 371.) 

Swinging pedals (Fig. 378) are sometimes used instead of a cross 
rudder bar hinged at its mid point. 

The whole system is complicated when dual controls are ritted, 
whether they be side by side as in most large passenger machines, or in 
tandem as is usual in training machines. Cross connections must te 
provided in the cockpit, to reduce unnecessaiy duplication. In many 
types of light and training aircraft the second set of controls is so 
designed as to be quickly removable. 

The English method of stressing controls is to work^ outwards iioin 
the maxinmm loads which could he applied by the pilot. In 
ibreign countries the method is reversed and the loads are worked 
inwards from Tnfl.TriTYmTm air loading on the control surface. Tins t#ndb 
to give lighter parts than -under the English system. 

The Control Column and its Connections. Taking first the type oi 
column with handwheel aileron control shown in the general diagram, 
it wiU be seen that this may be regaled as a cantilever beam fixed at 
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iuwer end. There is a bending moinent applied in the fore-aad-aft 
direction due to the operation of the elevators. This is combined with 
lateral bending when side load is applied to work the ailerons. Thr- 
aileron control also causes a compressive end load due to tension in 
une of the aileron cables passing over the drum at the top and puilev 
at the bottimi. If, as in most cases, the drum and pulley are 
this lensinn will act as a couple at each end, imposing bending on tfu’ 
mliiiim, and augnieiiting that due to application of elevator control 
h^rward. It appears, then, that the resultant bending may be in aiiv 
direetkn across the column, A tube is the best form of section to resist 
siicli loading, the material being either high-tensile steel or duralumin^ 
Care must be taken in placing the pulleys for the aileron cables at 
the lower end of the column. If too high or too low, the apphcatina 



uf elevator control will either tighten or slack off both aileron cables 
t«,)get!ier and thus bind the system. An alternative method is to fit 
})evei gearing at the top of the column, rotating a torsion shaft down 
t!»e centre, wMcii in turn works a lever or levers at the bottom. Even 
greater care is necessary here to ensure that the fore-and-aft movement 
of the column in no way affects the ailerons. 

The Junction of the column to the bottom cross shaft is made by 
mr-ans of a T-pieee, maeliined, forged, or wielded up from tube (Fig. 

, The ends cT the T-pieee are either cross-cut or shaped in the 
m.ou.er of a Hioiitli so that there shall be no sudden change of 
'U. Attii 6 ‘hn>?nt is made by means of taper pins, rivets or bolts. 
B-armg> aiv provided for the elevator lever cross shaft. These may 
take t!:e form of a sliort- piece of tube welded into a channel plate, which 
lUte-i to tL'- structural frame of the aircraft (Fig. 369). To ensure 
cvei: nioVi-nient the bearing should be lined with brass or have short 
Irass bushes in^-rted at each end and sweated in. Am oil hole or grease 
le provided in ail such bearings. The bearings may be 
; tother at the outer ends of the cross shaft or inside the le%’ers, 

: r ULu t'* struetui^al layout of the machine. The reactions of the 
•' Lfuds on the structure at these points must be adequately 

such examples as these may be appropriate to small-scale 
1 1 --luuioL, it Is possible to make a much more efficient bearing if the 
vu: a.r.uafr to be built Justifies it. For military aircraft produced 

■on a m'iii'-time scale one of this sort would be made as a light alloy 
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easting or drop forging. Instead of having brass bearings it would be 
iiiachined at each end to take bah bearings. The ball-bearing manu- 
facturers have now given special attention to this kind of work and 
nroduce lightweight single-race axial bearings specially for the purpose. 
^ The cross shaft wiU be subject to bending from either or both the 
k»ads in the ailerons and elevator cables. It is also under torsion from 
the latter. A steel tube of fairly high-tensile properties, such as Specih- 
cation T50 or T45, appears to be the most smtable material from both 
' ractical and theoretical standpoints. Workshop difficulties are against 
the use of as high grade a material as Specification T2. 

The levers at the cross shaft ends and on the elevator are regarded as 
cantilever beams, the relation of their loads to that applied at the top 
of the control column being in inverse ratio to the lengths. Should the 

OIL HOLE. 


CONTROL BEARING. 

Fig. 369 

cables, however, converge in plan view, there will also be a lateral load 
applied at the lever ends. 

In small aircraft, if there is no lateral load, the levers may well be 
made up from thick flat plate. If situated in the air flow they should 
be radiused off at the leading edge and chamfered steeply at the trailing 
edge. 

To put such levers in the airflow, however, is now an archaic practice 
and no modern aeroplane has exposed controls. 

A typical modern lever is shown in Fig. 370. 

This is forged from aluminium or magnesium alloy, the only machining 
work done on the forging being that of cleaning off the flash and drilling 
and reaming for the end bearings. Those at the fulcrum are single-row 
bearings packed with grease and having dust covers. The bearings at 
the end are of the self-aligning type, allowing a reasonable degree of 
movement, perhaps 5° to 10°. 

Had the column been of the universally mounted kind, there are 
several ways in which it might have been fitted. One of these is shown 
in Fig. 371. 

For the fore-and-aft motion of elevator control the column is hinged 
at its lower end and operates the cable lever through a connecting rod. 
This has universal joints at each end, allowing the column to be rocked 
sideways for aileron control. The bottom hinge is fixed in this direction 
and transmits the load to the shaft, which carries it in torsion to the 
lever at its rear end. 

The column is thus under two systems of bending, the one longi- 
tudinal with its mfl.vimnTn moment at the point of attachment of the 
elevator connecting rod. In the lateral sense the column is a canti- 
lever with its maximum bending moment at the bottom. These two 









.,ij xi^TAh aihchaft construction 

' - I ~Ui ‘1 Vj -- result ar.t moment diagonally as seen from aijove. 

n T-f this system \\ith another similar one for a dual 
1 ir:v»'n in Fig. 37 1 a, the example being froii^ the 

Biplane. The controls are shown hl* 
' ■T>’.-.d*'t* , alh.‘W of the r-iiio%'ai of the rear set. A connecting rud 
n!^""rtaVc/jjmn hods tinMUgh the fitting R, for elevator movemtmn 
The Anaft hr ailerons is linked up a.t A, and the rudder ha: 

-//nnectirrj :<A A similarly attached at C. 

~ "jLe e*xtreme sin.piieit y of all the fittings should be noticed. The 
e *i Unj r« d and, c^mtrul c^jluniii ends are channels bent up from fiat 
ami’^weliled in position. The fitting at B is a plain channel wit’n 



{By i^^urte-y of Flight") 

the web cut back to allow free movement of the links, these belii^ 
machint'd from bar by straightfoi^ward miUing. The ^ bearings for the 
tur>ion shaft consist of a short piece of tube welded into a bent platt- 
Ijs'.x fittintr. The use of trrease nipples at all bearings may be noticed. 

An alternative arrangement cT dual control is sometimes used, and tne 
exaiii|,ile shown in FigT 372 is taken from the Shackleton-Lee Murray 
''Ad, I. The aileron control is transmitted to a large diameter torque 
tule winch rotates in bearings under the front and rear seats. The 
t^ renn- A transmitted to this tube from the control columns throng:; 
triangular brackets, and the bolts connecting the columns to thes- 
1 rackets als-j serve as fulcra for the fore-and-aft movement which 
w-rrks the elevators. The elevator control connecting rod, between the 
hettem t*nds the coliimiis and behind the rear column to the lever, 
y^^rses i-jwn the cc-ntre of the torque tube. The use of the elevator 
i-^.r.trol causes the connecting rods to rise and fall slightly, in addition 
to their* longitudinal movement and there must be sufficient clearance 
‘c allow fer this. The torque tube is, of course, slotted in two places 
tu rect-ive trie bottom ends of the columns. All the bolts are hoUow- 
diiiled :hr lubrication and have grease nipples screwed into the heads. 
Either stick may be removed instantly by withdrawing the upper pin 
in the i cut Led slee’ve. 
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The stress distribution, in this type of control column, is different 
that in the Avro 626 in that the lateral bending moment, due to 
-ileron control, is taken out in double shear on the upper hinge pin, 
there to the bottom of the stick there is only fore-and-aft bending 
poment due to elevator control. 

It is a point of great convenience in assembly and repair if the control 
unit in the cockpit can be made as a single component put together on 



Fig. 373. Letov Contkol Unit 
(Bi/ courtesy of Letov) 

the bench and then assembled as one place in the machine. This h 
illustrated in Fig. 373, the cockpit control unit of a Letov Figliter. iiie 
control column trimming lever and rudder bar are mounted toget 
with the heel slides on a metal frame. The intricate details of the 
a^mbly can thus be handled more simply away from the rest e 
structure. It is attached to the lower longerons and cross mem em y 
four bolts. _ . r 

A point calling fbr some ingenuity arises in deciding the run ^ 
^eron cables in a machine with folding wings. In order to s^piily 
the folding operation it is undesirable to have to di^onn^ » ^ e 
hols. An extremely neat method of surmounting this difficulty 

1I-— {A.9003) 
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Fig. 375 

By courtesy oJ^'The Aerophme^^) 


diuOD in the folded position. It is possible so bo arrange 
-nn c: the control cables in relation to the h^e_ that the foldmg 

: ti tile wmgs pulls the ailerons down by slacking oS one cable 


'' ■'S t-eaSI ?oSle or desirable to follow the extremely simple 
runM- aileron controls shown in the diagram (Pig. 367). Diflerential 
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iBotion of the aileron or an objection to the use of cables in exposed 
iKHfcioiis may suggest some such arrangement as in Eig. 375. In this 
the cables are led out along the wing to a T-crank on the 
re^spar opposite to the operating lever on the aileron itself. An alterna- 
tiTe but similar arrangement which is popular is to place the crank 
between the spars and to substitute a sprocket for the cross lever. 
EGnn<l the sprocket runs a short length of bicycle type chain which is 
connected by shackles to the cables. This does not appear to have any 



advantages over the T-crank, which is cheaper and lighter. Further, 
the weight of the cable and chain tends to cause the latter to drop 
the sprocket unless kept very taut. The objection does not arise if the 
sprocket is turned through 90 degrees into the vertical plane. It is 
possible to arrange it thus if the wing section is thick and the cable led 
round pulleys mounted on the front spar. 

It wiU be seen that the connecting link between the crank and the 
lever on the aileron has a small lateral movement in plan view. To 
meet this universal motion, knuckle or haU-and-socket joints should be 
fitted, or else a swivelling ball race of the kind shown in Fig. 375. 

Fig. 229 illustrates many points of interest in the controls of the 
Fokker G-V, particularly in detail design. 

Rudder Controls. The design of the rudder controls is usually simpler 
than those of either the elevator or ailerons. Turning again to the 
diagram {Fig. 367), they will he seen to consist of a cross operating 
bar with cables passing straight aft to the levers on the rudder. IS 
the difference in level between bar and levers is considerable, it is 
advisable to break the angle of cable leads by fitting fairleads H at 
some convenient mid-position. The fairlead may be a block of red 
fibre with the cable passing through a bell-mouthed hole. The block 
must be split for assembly. If the change of angle is more than 5 degrees, 
a pulley rather than a fairlead should be fitted. Fairleads may be used 
ou any control cables where there is a long straight run otherwise 
unsupported. They prevent whipping and damage of the cable or 
adjacent structure. 

The rudder bar, like the control column, is under bending from 
several directions. The push exerted on it by the pilot is usually neither 
at right angles to the centre hinge pin nor in line with the cable nm, 
tbough the differences may be small. Two alternative loadini^ 
specified by the Air Ministry for stress investigations. In the first, the 
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tLe load being resisted by iL- C“ibT 
Mi«ue. Ill the Si-eomi, the pilot will i...t 
"V! .V etajallv on both pedals. 

5 r C'ra::'‘-iTi rrahU^i* oar are given in big. .v. aA. Tia- 



1 ' a*'" rut h= ^'*1^ ca*e attached to the bar itself, but to a separate 

'LTiV. Vri.-at!i tiie cockpit «oor. couiiection between the two being 
it V-'-oit toisicn shaft which also forms the hinge. Tne masi- 
T'/T.'-rag" uio-er.t iu either loading is therefore at the centre, and 
i w r h. ^een hat the tnbe is stiflened with a sleeve over a short length. 



Fig. 379 

IJj e<jurUsy of Letov) 

A method is shown here of making the pedals adjustable. An alter- 
native one is illustrated in Fig. 376. ^ 

■\tm.ther princiDle is used in designing an adjustment m position tor 
the rudder pedals of the ArmstrongAVhitworth XVI (Fig. 377). It is 
;'.r •■■■■rate than the example given in Fig. 376, but at the expense 
u?a small eVtra weislit. A cross tube runs between the actual pedals, 
and this is linked bv two cranks to a lower cross tube, at the ends of 
whieb are attached the opemting cables. The upper tube, and mth it 
the pedals, may be rotated about the lower one by means of the adjust- 
ing screw wMcii projects backwards towards the^ pilot. 

A slightly diffeient arrangement is used in the Letov fighters. 
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Xhe rudder bar is mounted on parallel slides in a box and can be 
adjusted backwards and forwards on these by naeans of the operating 
ijandle. This can be worked either by the pilot’s hand or foot, since 
H is fitted with large prongs. The box is mounted on top of a spindle 



Fig. 380 

(By courtesy of ‘'The Aeroplane"} 


which passes through a greased hearing to a lever under the door. (See 
Fig. 379.) 

The friction clips for holding the bearing to the frame- work are 
clearly illustrated. Refer also to Pig. 373 for the complete unit. 

Where side by side seating is fitted in a dual control machine, weight 
may be saved if the two controls are run into one in the nearest possible 



position. A method of doing this is shown in Fig. 380, the rudder 
controls of the de Havilland Hornet Moth. This gear has a number of 
refinements. The pedals are adjustable for length and have on their 
front sides a parallel link motion which keeps thena always square to 
the foot. The wheel brakes in this machine are operated from the foot 
pedals and can be put in or out of action by a hand lever on the cabin 
ade. When not in use the rudder cables operate independently of the 
brake lever through the slots shown. WTien the brake lever is pulled 
forward to the front end of the slots it is then put into operation. 

A practice much followed in America and used in England when the 
space is small is to fit hinged pedals independent of each other, rather 
than a cross bar. In the Bedwing, an English two-seater Ught aero- 
plane, each pedal was fitted at the top of a swinging vertical tube hinged 
Wow the cockpit floor (Pig. 378). Prom this ran a link to a torsion 
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- - to the rudder. The pedal lengths were 

-u-, -r-tli‘.-hlox manner, 

"'■flkWM'’ anTcoiaectm? Rods. Control cables inevitablr stretch. 

%An*BS Xhe fact must he accepted and 

IS no aaimcr 


ci.i^yp*NC 
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Vructural 

MEMBER. 


pn..visijK made fur it. The greatest amount is always noticed in the 

t;Kt few hours' flying. • i. r. 

It ^'’-e=TUPntlv tlie practice to liang the cables with weights before 
'Th^= i= not sufficient, and, whatever else is done, there must 
’dTOvs be a turnbuckie assembled in an accessible position in each ' 
iuece. " Tills also serves the purpose of allowing a small tolerance on the 

length of the cable in making up. ^ ^ ^ , 

A further precaution lies in the use of a heavier size than is dictated 



Fig. 3S3 


bv stnenstli rex-hrenients. Even though the load be of the order of 
euly r. hundred ucunds. the smallest size fitted should be 10 cwt. cable. 
A “ : :h .;:f 2 or 3 is always advisable, and adds very little to 

the total weight. ^ ^ , , j a • 

It was ireo uentl V the nractice at one time to splice cable ends straignt 
on to the eyes of tui’nhuckles, levers, and other such fitting. It 
hm b^n found, however, that the introduction of a shackle at these 
points miicli simplifies replacement and maintenance (Fig. 381). The 
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of fairleads to prevent whipping and to take small angles in change 
-/direction has already been dealt with. The design is simple (Eig. 382) 
material being red fibre. The mounting for a puUey requires little 
ojmment. It consists of two angles back to back, between which the 
pulley runs. The angles are spot welded to a base plate (Pig. 383). 
\e important point is to prevent the cable jumping off in whipping 
or springing back. The jaws of the fitting should be no wider than is 
necessary to accommodate the puUey. Guards must be provided at 
the points where the cable enters and leaves it. In the example 
shown, the back plates act as guard at one side and are brought close 
to the rim of the pulley. On the other side a guard plate of thin 
steel is added. The test of the efficiency of a guard is that it must 
not ho possible by any manipulation to force the cable out of the groove. 
The danger of fouling in flight will be fully appreciated. 

The value of connecting rods instead of cables is debatable, some 
designers holding entirely to one, some to the other. The more general 


FORK END INSPECTION HOLE 



LOCKNUT 

Fig. 384 


view, however, is that each typo has its uses, cable being preferable 
for the long open connections down the length of a fuselage or along a 
wing, whilst tubes are used for shorter links in exposed or cramped 
spaces. Connecting rods with channel and ball race ends have been 
shown in Figs. 371a and 375. It is sometimes necessary to make the 
length of the rod adjustable to suit rigging requirements or erecting 
tolerances. The standard method is to machine a fork end with a 
screwed shank. A socket is turned to fit the tube end, and tapped down 
sufficient threads. There is a further plain portion of socket through 
which the attachment is made to the tube by weld holes or taper pins. 
If the latter are used they must be far enough away from the tube end 
to clear the fork end in its extreme inward position. A lock nut is 
usually added to hold the fork end during assembly and maintenance 
operations. 

The control examples given above in general show solid bearings. 
There is a growing tendency, however, to supersede these by ball 
bearings, particularly since the ball-bearing manufacturers have paid 
special attention to the needs of the Aircraft Industry. At one time 
it was not possible to get bearings of sufficiently light w^eight to make 
their use worth while for aircraft controls. In America, however, tl^ 
Fafnir Rearing Company began to introduce special bearings for aircraft 
purposes and the big European manufacturers have now followed up 
the lead which was given them. 

The fork end shown in Pig. 384 might now be designed like those of 
385. 
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due controls of Nortlii*op AUeraft 
iardize on perhaps one size of ba] 
the controls, and this allows equa 
d fittings. Instead of using for. 
all off-set if ball bearings are usee 
iiig. It is packed with grea-*- aj. 


Fig. 3S5 

Fafnir Bearing Compann) 


therefore, operated by a completely separate control. In 
les this takes the foim of a hydraulic pump, and in others 
the flaps may be raised and lowered by means of a hand 

irei and Sts on such parts see Handbook of Aero?ictutics, Chapter 3, on 
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>rer. The pump handle or the hand lever is usually placed on one side 
tte pilot’s seat. 

"in the Bristol Blenheim, the split trailing edge flaps are in two parts 
n each side, the inner part in the centre section stub wing and the 
lying between that and the aileron. They are of flat “ Alclad ” 
with flanged ribs. 

will be seen in Pig. 386, they are operated by a tube wMch travels 
parallel to the trailing edge, by means of a bell crank lever. As it moves 



Fig. 386. Bristol Blenheim" 

Flap Operation 
{By couHesy of "'The Aeroplane") 

it works a series of links which lower or raise the flaps. Each link is 
attached to a rib by means of a universal joint, and to the operating 
tobe by a sleeve, which is retained endwise by collars. 

In the de Havilland Albatross, either split or slotted flaps may be 
provided. The method of operation is shown in Fig. 387. 



(JS?/ courtesy of “ The Aeroplane") 


An electric motor is used to provide the power and this turns a 
jack on either side of the fuselage. Inward movement of the 
jacks lowers the flaps by means of a series of beU crank levers which 
are interconnected by parallel links. 

The operation of a Fowler flap is more complicated since that type 
!iot only moves downwards, but also backwards at the same time. In 
the Lockheed 14 aircraft, the system is as shown in Fig. 3SS. 

At intervals the flap has a strong rib which carries two rollers, one at 
the leading edge of the flap, and one above the top surface at about the 
mid-chord. These rollers run in cranked tracks which extend behind 
the trailing edge, being enclosed in faired housings. The flaps are 
lowered by a cable which passes back over a pulley at the rear end of 
the housing. They are raised by a return cable which go^ straight 
forward. 
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Taxk.5 for Petrol, Oil, and Water 
,,,, 1 „ ■ n r- ■; sOjwa2e of tanks present a number of problems ivMch 

dpcided in the first conception of a macblne and 
fi'niiite earlv stage in tbe drafting. Provision must 
e?3nven:ent positions, compatible with the capacity 




required and the stractnral design, to contain fuel, oil, and water tou 

if the engine is water-cooled. iT_ 

The liost common practice is to carry the fuel tan^ m^the wmg, 
r-rferablv the upper one if the machine is a biplane. In this position 
thev ensure a gravity feed to the engine, and the ^ complication of a 
fuel pump is eMminated. Further, the risk of fire is greatly reduced, 
not oniv because of the distance which separates the petrol from h^ 
parts of the engine, but also because the tanks are less likely to l>e 
damaged if a bad landing is made. The weight of fuel and tanka^ 
supported on the sp^ and acting downwards counteracts the upward 
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ir load. For the purposes of stressing, however, the empty weight of 
may he taken, since they will be approaching that state towards 
Ih end of any long flight. On the other hand, when the aircraft is 
Tr-ding. the weight of full tanks may impose a heavy stress in the 
'^axs. This case should he investigated. 

'*^t'one time the fuel was frequently carried in the fuselage, even 
though a small gravity tank was fitted in the top plane, through which 
ro fid the engine. The fumes escaping through the vent were liable 
te troublesome, if not dangerous. It may be said that petrol is 
low always taken in wing tanks except when the required capacity is 
ir in excess of what may economically be accommodated there. 
Examples of such cases may be found in thin- winged high-speed fighters 
id in exceptionally long range aircraft. 

The most efficient shape for a tank — ^that is, the shape which contains 
me volume for the smallest weight — ^is a sphere- Practical 

consider tions prevent the use of a globular tank, and a compromise 
iust be made. As far as possible, the longitudinal shape should con- 
form to the wing section. This may lead to a big area in plan view 
fdth a comparatively shallow depth. Such a tank may he heavy and 
interfere unduly with the internal wing structure. In as far as the 
structure is concerned, the most convenient situation for fuel w'ould 
be in the leading and trailing portions of the wing. The objections lie 
in tiie uneconomical shape and the difficulties of supporting the weight. 
Tanks are, therefore, usually placed between the spars in the centre 
section or outboard near the engines in multi-engined aircraft. Atten- 
tion must be paid to interference with the cross drag bracing -which 
has to be cut out to make way for tanks, and some means of carrying 
the drag load m-ust be provided. Some designers have made the tank 
itself part of the structure, the shell being stressed. This method is 
Inferred to on page 340. Another method is to fit tubes from side to 
side, through which the bracing wires are threaded. Such an arrange- 
ment calls for an exactitude in dimensions which is extremely expensive 
to achieve. A third method used in biplanes, is to remove the drag 
bracing from its usual position at the mid-depth of the spars to the 
lower surface of the wing. This, though not without objections, is the 
commonest method. The bracing is, of course, only lowered in the 
particular bay or bays involved. 

The number of tanks and the capacity, dimensions, and shape of each 
having been decided, the next question to consider is the material to 
be used. Several are available, such as tinned steel, aluminium, brass, 
copper, duralumin, and magnesium, and each calls for its own methods 
of working and jointing. Tinned steel, aluminium, and duralumin are 
the most used, and these will be dealt with individually. In the first, 
the joints are made by folding the seams and sweating ; in the second, 
by welding ; and in the third, by riveting. Brass and copper, although 
of about the same weight as tinned steel, are weaker and more expensive 
materials. The latter, owing to its malleability, is sometimes used for 
making the domed and beaten parts of tanks otherwise built in tinned 
steel. 

Magnesium, in the form of elektron alloy, is another material -which 
has more recently been used for tank man-ufacture. The most suitable 
form is made to the Air Ministry Specification D.T.D. US* It has 
a slightly higher tensile strength than alumimum, and may be welded. 
The construction is similar to that of aluminium tanks, but larger 



AIBCEAFT COXSTEUOTIOK 


.•2«5 METAl-- 

- . .;i:-rtved in the bends to pi-event cracking. Some tmm 

rrp/Jlle are f‘ on page 330. ... 

‘"-RTmed Steel Tanks. Although aluminium has every advantage in 
•at' nnired steel, the latter is still a very popular material 
;> Va^..i.s contribute to this favour. Tinned steel is cheaper. 
.n'-iT^nk^ made of it are not only less liable to crack, but if they d., 
tCv a^- more easiiv repaired in out-of-the-way places, tinsmiths beinj 

m,r.‘ conmioii than aluminium welders. 

s.o-.n ^‘ .'.--l tanks are usually made witli a 24 s.w.g. snell. In a 
Zi ] ZZ the thickness may be increased to as much as 20 s.w.g. 

^Sheil 
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TlK'NED STEEL TANK CONSTRUCTION. 

Fig. 389 


Tiie BmiitlinES. however, do not go up in proportion to the tank size. 

e strength is increased rather by adding stiifeners, corrugations, and 
The sides and bottom should not have large unsupported 
are^. which would pant or distort under load. Distortion is not trouble- 
Sijiiie so mucii in itself as in its effect on the seams and joints, tending 
to make them open and leak. 

Takh^g as an example a w'hig tank, the method of manufacture 
would* be as follows (Fig. 389). The sheU is first developed flat and 
bent round to the longitudinal section of the tank. The comer 
-..houM be as ample as possible. The wrapped joint A is then 
rnnde’and sweated up. The width of joint need never be more than 
in., and 0*4 in. is preferable in small tanks. It may be found that 
t!ie steel plate required is larger than can be made from a single standani 
^heet. A second wrapped joint is therefore required in the side op^site 
to the fiiBt. Holes are now cut to take the fittings, which will be 
described Mer. 

The next proems is the making of the baffle and ends to a template 
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of tlie longitudinal section. They may conveniently be made together 
if tlie contour is the same for all. The corners of the baffle are cut 
away? uot only because it is difficult and unnecessary to flange the 
plate round the radii, but also to allow the petrol to flow through. 
The object of the baffle is only to impede swilling of the petrol, not to 
^ate it. The baffie also serves to stiffen tin? shfl!. As many and as 
IgjiTe lightening holes as possible are now stamped in the baffle^ these 
betag flanged for stiffness. The baffle is sweated in its correct position 
iiid attached with copper rivets .fh in. diameter at 1-5 in. pitch. 

The tank ends, after being flanged, are beaten to a slight camber 
to prevent them panting under pressure. The corner joints are made as 
shown in B. Rivets are not necessary here. They might even induce 



leaks. The joint is well sweated up, the internal pressure helping to 
keep it tight. The function of the swage is not only to locate the 
end and prevent it slipping inwards during making ; it also serves to 
prevent leaks by stiffening the shell at a point where there is a tendency 
for the joint to open. The width of the double lap should be 0-4 to 0-5 in., 
not more, owing to the difficulty of folding back the outer shell. The 
tank described would be of about 30 gallons capacity, 12 in. deep by 
24 in. wide. Larger tanks and those of more complicated shape would 
require more baffles. There should ne'ver be more than 3 to 4 sq. ft. of 
flat surface unsupported. 

The minimum fittings required are — 

1. Filler. 

2. Outlet, with cock. 

3. Vent pipe. 

4. Sump. 

5. Drain cock. 

6. Gauge connection. 

7. Support fittings. 

Extras include such refinements as a hand hole for cleaning, and a 
jettison valve for quick emptying of the contents in case of imminent 

lauger. 

The position of the filler neck is important, since it fixes the amount 
of petrol which may he put into the tank. Account must be taken of 
the normal attitude when the filling is done — ^that is, tail down on the 
ground. The filler neck may be made in the form of a tinned steel 
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tube with a narrow wrapped joint of the kind already described for 
rije shell. It is either flanged at its lower end or has an angle 
s'ireted on. The neck is then attached to the tank with copper rivets, 
jbe cap and seating normally used in England are standard brass 
-.its to A.G.S. 607 and 609. In some cases it may he possible to 
dispense with the neck and fit a cap seating to A.G.S. 608 direct to the 
shell with copper rivets. It is not desirable to interfere with the 
ir flow over the upper wing surface, and the neck type of filler allows 
tMs to be kept flush. 

Many other types of filler cap are used and that designed by the 
Gioster Aircraft Co., Ltd., is a good example (see Fig. 391). Its adVant- 
me over the A.G.S. type is that wear and damage of the thread which 
holds the cap down need not affect the petrol-tightness of the cap, the 
bolt being easily replaced. Further, it is probably slightly quicker 
id easier to screw and unscrew. The spring locks the butterfiy nut 
by engaging one of its wings and is easily pressed down with one hand 
wMlst screwing the nut with the other. By anchoring the cap back on 
to the top of the filler neck the pressure is localized roimd the rim of 
the neck where it is needed. 

The vent pipe, drain cock, and outlet pipe are all coupled on to 
female flanges (such as A.G.S. 629, 630) riveted to the tank. Male 
Ganges might appear more convenient, but their use was discontinued 
owing to the possibility of damage to the exposed thread and the 
difficulty of replacing a damaged 
part riveted to the tank. The 
Mze of these flanges depends in 
fhe case of the vent and drain 
cock on the size of the tank. A 
common size of the former is J in. 

and of the latter | in. 

B.S.P. The outlet pipe is decided 
by the requirements of the 
engine, but is usually about J in. 

B.S.P. There should he an ex- 
tension on the supply inwards up 
to the level of the sump top so 
that such dirt as accumulates in 
the sump may be drained off and 
will not enter the engine line. It 
is usual to fit a stop valve to the supply pipe immediately on the 
outside of the flange fitting, thus making for ease in removing a tank 
containing petrol. 

The sump may be either made up from tinned steel or, if small, 
beaten in one piece from copper. The tank shell must be stiffened up 
in the way of all fittings, flanges, etc. In order that any stress may not 
be localized, a star plate should be sweated to the tank wherever fittings 
occur. An example is showm in Fig. 392. 

A variety of methods may be used for supporting the tank. A s^pie 
and effective one is to sweat and rivet shallow channels to the shell into 
which can seat steel or duraltunin straps or slings. It should be remem- 
bered that the weight of the tank may act in any direction, depending 
on the attitude of the machine. Another method is to rivet ana swtra^ 
robust fittings on to the shell through which fixing bolts may be put, 
attaching the tank to its supporting members, whether these be the 



STAR Plate DOUBLING. 

Fig. 392 
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ged under the attachments to distribute the load, 
method of supporting the tanks is that used in the 
2*:oW-\vh:tr ii. ua^^plane. These tanks, which are made of brass, 
kd ill t'ne 'leading* edge of the main plane, outside the port and 
h enidnes. They are tied back to the single spar of the wing 
.s described on p. 14^. by straps passing right round the tank 



Fig. 393. Bbed.i 32 — Petkoi* Ta2^ Mounting 
iBg touris^pj of Societa Italiami Ernesto Breda) 


and anehored to the top and bottom booms. The straps are located on 
tank shell by small angles at wide intervals, and can be tightened 
up by means of strainers. It will be seen that these supports lie well 
to the ends of the tanks between a baffle and the tank end. 

The gauge Siting depends entirely on the kind of gauge used, whether 
it be a single boiler glass with cork float, or one of the proprietary types 
with a distant reading dial. 

The design of oil and water tanks is in general the same as that of 
a petrol tank. Mliere cooling is required in the tank, adequate baffling 
ii:usr he provided to prevent the oil passing in a straight line from inlet 
to outlet, leaving the remainder of the contents untouched. The 
initrt may be armnged to cause the stream of hot oil to impinge on the 
c 0.1 w uter surface, so that it is well spread. 

Weights of tinned steel tanks are given in Fig. 394.^ 

Afamininm T anks . The use of aluminium for tanks appeals strongly 
to the designer who haa always to search for more lightness. Though 
^ Eeproduem by permissioa from the Handbook of Aeronautics, 
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it- It is therefore necessary to increase the thickness to 

about what itVouId be in the corresponding tinned steel tank, 

Fun> fk' the surface must be divided into smaUer panels, supported 
r^und 'their edues by baflle plates or bulkheads which separate the 
mU‘rLr Into compartments and prevent a ^large momentum being 
U-vUxprd when the petrol swills from side to side. 




The uutshde shell should never be less than 20 s.w.g. in thickness, 
.mi In Arge hat-sided tanks as much as 16 s.w.g. may be required. 
hUftr riates and bulkheads of 20 s.w.g. to IS s.w.g. are satisfactory. 
The b*nk should nist be tack-welded together, the tacks being closely 

SI.UCt;^U. 

* The rapid expansion and contraction of the material during the 
''xlizng rmcess, combined with its softness, lead to buckling and 
lAto-rtijii at all the Joints. This trouble is particularly apparent when 
..1. tc-c Lot welding fiame is used or when tne woric is done too slowly. 
Tj e.:rre:'t this buckling and at the same time to close up the texture 
.,,^1 the weld, it is usual to hammer the joints wherever possible. The 
hammering is done on the outside against a backing-piece of wood 
held up against the inside by the operator. 

Distortion may be restricted by correct design. It is good practice 
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the joints in the shell at baffle positions. Typical joints are 
iown in Fig. 395. In a cylindrical tank it is frequently the practice 
j^bell the end pieces and flange their edges, making a butt weld with 
jhe main shell (see Fig. 396). The flange should be small so that the 
ynt gets the support of the end. Any panels which may have a 
pudency to buckle can be stiffened by swages, run in with a jinny 
before assembly. 

Since the aluminium cannot be soldered satisfactorily, fittings such 
ss pipe unions, filler necks, etc., must be welded in, and of such material 
as will form a weld with aluminium. At the same time it must be 
sBjOSciently tough to carry a thread. Aluminium silicon alloy to 
Specification L33 is a good material for the purpose. The flange on the 
fitting should he wide and run down at its edge to the same thickness 
m the shell. This ensures a gradual change of section and prevents the 
tkead being distorted by the flame and heat. 

The mounting of the tanks in the aircraft must be carefully carried 
out. The material is too soft to allow four-point support to be used, 
any attempt to carry a tank rigidly will inevitably cause trouble. 
The weight must be taken on slings or braces which will distribute the 
load over as large a surface as possible. The slings, which may be of 
wide steel strip, should pass completely round the tank at sections 
where baffles occur, and it is usual to fit strainers in order that the 
slings may be drawn tight. The baffle flange should he at least as wide 
as the sling, and may conveniently be made of an extruded T-section 
as shown in Fig. 395 (2). Felt should be inserted between the sling and 
the tank surface. A further precaution against shock loads is the fitting 
of rubber buffers where the slings themselves are attached to the tank 
support girders or spars. 

On completion, a tank must he thoroughly washed out with hot 
water to remove all traces of the welding flux, which, if left, would 
quickly cause corrosion. 

The testing must be carefully carried out. A whiting of chalk and 
methylated spirit should be painted over all seams and allowed to dry. 
An inch or so of paraffin should then be put in the tank, and with all 
openings sealed an air pressure of IJlb. per square inch created with 
a pump or air bottle. If the tank is then turned over and about so that 
the paraffin can penetrate all the joints and welds, the smallest leak 
will show itself by a spreading stain on the chalk. 

A variation from the welded aluminium tank is found in the Curtiss 
Hawk 75. The tanks for this aircraft had a riveted internal stnictiire 
to which the shell was riveted. But the seams in the shell were welded 
as shown in Fig. 397. 

The sump and outlet appears in the lower left-hand corner of the 
upper photograph. If this is compared with the illustration of the 
internal structure it will he seen that this corner of the tank is much 
more severely baffled than the others. Fuel can only enter it through 
the clipped corners of the baffles or, when the tank is full, through the 
flap valves near the top. Such a precaution against swilling is probably 
necessary in a flat tank of this sort, especially when mounted in a Mgii- 
i^ed aircraft capable of rapid accelerations. Without it the sump 
might occasionally become exposed even when the tank was by no 
means empty, thus allowing air to enter the pipe line^. 

The Fokker Aircraft Corporation of America claimed^ a weight of 
^ Aviation, October, 19S0. 
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0-45 to 0-55 lb- per g^Uon capacity for welded aluminium tanks. Dornier 
shows' a weight of 0-7 lb. per gallon with a tank of 11 gaUons 
reducing to 0-36 lb. per gallon when the capacity is increased to 3.56^0 



Fig. 398 


gallons. These figures, which are in general agreement, 
able machines. 


are from service- 


Duralumin Tanks. Though duralumin 
and much stronger, it is more difficult 


is almost as light as aluiniiiiiLoi 
to work and cannot be either 



Fig. 399, CLuisrisr L. Mautin — Riveted Duraluiiin Taxe, 

150 U.S. Gallons 
(Bj/ courtesy oj the Glenn L. Martin Co.) 

sweated or welded satisfactorily. Other means of making the Joints 
petrol-tight must, therefore, be found. A possible method is in the 
Bergue” riveting (Fig. 398) with some petrol-msistmg 
}ointing inserted between the sheets. Each rivet is put into a cup|^ 
conical depression pressed in the seam. 


^ Joxinml E.AeJS,f December, 1928. 
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: s i iiave been developed by the Gleim L. 

av fL. and the Curtlss-WrigM Corporation, 
ri .y,. joint between the tanh shell and end is 

^ \ v;i^i vei-y closely-spaced duralumm rivets. 

-i-f. fasten baffles in position, a cupped washer 

ti:r."iivet head on the outside to give petrol tightness. 
*< r^viViy >hown, is an aluminium alloy casting attached 



Fig. 40it 


wdh dosely-snaced screws which go through to an internal reinforce- 
iiioiit.'' This type of tank has been thoroughly tested on a tank vibration 

nTdwbefore being released for production. _ 

“ Elekiron TaBks. Fuel and oil tanks of magnesium alloy ( EIck- 
. e^re iitAv beinsr used successfully in large numbers of military and 



civil aireiaft. The production and maintenance difficulties originally 
met with have now been eliminated by the use of suitable materials and 

The most widely used alloy is A.M. 503, which is produced under the 
fchlc. vdnsT British Aii* Ministry specifications — 

^ Sheet D.T.B.llS 

Extrusions . - - . D.T.D.142 

Casting . . . . • D.T.D.140 A. 

This materia! welds easily and has an ultimate tensile strength of 
12-15 tons per square inch. Its proof stress is 6-8 tons per square inch. 

The principal advantage of Eiektron” is its high strength in relation 
to its weight, the specific gravity being 1*83. It is thus possible, without 
serious loss of weight, to use a substantial thickness and to allow larger 
unsupported panels than with aluminium ahoy or tinned steel. Because 
of its stifihess. the elektron tank requires few baffles. 

The usual shell thiekness is 18 s.w.g. (0*048 in.) and this is satisfactory 
for tanks up to 4CM} gallons capacity, if sufficient stiffness is provided by 
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the shape of the taiahs or by extruded sections welded into the skin. 
ITat panels up to 14 in. square in 18 s.w.g. may be used. If baffles are 
itted they may be of 20 s.w.g. (0*036 in.). 

‘"ie making up the tank it is necessary to allow for the effects of dis 
tartion due to welding. Thus if a baffle is first welded to the flange of a 
T-=jection shell stiffener the resulting bulk- ® 


head is too rigid for the subsequent welding 
of the skin. This should first be welded to 
*he stiffener and the baffle attached after- 
wards. A satisfactory method is to attach 
the baffle by bolts as shown in Fig. 400. 

A typical tank end, combined with strap 
suspension, is illustrated in Fig. 401, while a 
strap suspension at any other point along the 



Pig. 404 



Fig. 405 


length of the tank may be as shown in Fig. 402. If the suspension is by 
means of flexible steel cable, with a P.R. rubber hose covering, it may 
be as in Fig, 403. In these examples special extruded sections to 
specification D.T.D.142 are welded to the tank shell of D.T.D.llS. 

Rigid suspension may be used if the loads are well distributed between 
the shell and the internal stiffeners. Such mountings may be necessary 
If leading edge or profile tanks ar’e used, where the presence of an external 
strap would be aerodynamically undesirable. One typical example Is 
^own in Fig, 404. A casting of D.T.D.140 A is used and this is welded 
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; X t?.- stiTt*aei\ The minim uni tiiickness 

iT'-Vr'y.-;:, j I li.n f T- 1 5 iu.. and the skin of the casting should 

; ' . M.gr, ;:n weiding edge. It will be seen that 

‘ Ttf/L 1 '-. r. is cut back 0-20 in. from the end of 

g '> \ ,7.- 7 t . .k- n o point near the welding. 

\7 ji.j-O' ^ f FgM -u.-|-»*ns;Mri is given in Fig. 405. The webs 




Fig. 4t)d 


of the extruded section are extended locally by welding on additional 
:ua:J Mf the^ Kiine thiek!ie.ss. .After hammering, the welded seam may be 
lie'iF^'V as iiic^ e^riwinai plate. 

T-iuk fitt':!.;.;- inay be attached by welding them dii*ectly to the shell, 
or !a*l« liinj: t!:em to adapt <ji*s which are welded in (Fig. 406). The bolts 



Ui.iV he et "tee! or aluminium alloy provided that they are not located 
iri a p^.ycket in the tank bottom where water might collect. They should 
in- asseintfo'd with an in-^ulating paste having, for example, a bariuni 

cLrs mate basr. 

Water i.s alwa.vs present in petrol and this may cause corrosion if the 
fuel is a leaded one. It is therefore essential to use some inhibitor. The 
iLsu.lI nieihod is to carry a small bag of chromate salts in each elektron 
tank. These dissolve slowly in the water and make it innocuous. One 
I'lince of the salts to each 100 gallons capacity is the usual measure and 
it imasr be renewed annually. The bag is carried in a cage of M.G.7 alloy, 
seiewed into an adaptor as showm in Fig. 408 and fitted at the lowest 
point of the tank, -water being heavier than the fuel and therefore gravi- 
tating to the bottom. Pockets in which water might collect must be 
avoided and thercdbre smaE holes should be dialled in the webs of any 
stiffeners a € 1*088 the tank bottom. 

In orfer to reduce the cost and bo save weight, tank fittings may be 
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f castings, iiiachined fittings, and p 
i\vs one to go below tbe miniinuiii 
:iy la a easting and to use 13 s.w, 
ir thickness. 

ed to stiffen the skin of tinned ste 
iber of changes in the direction of 1 
ise flux inclusions, giving points of v 
Diates are necessary they should be 


L. \1'AT> Trrc ‘‘Chxxa Clippek. 

AXB Fuel Taxe 
tourksy of the Glenn L. Martin Co.) 


uud of thickei- gauge than the tank shell. As in all the other examp ie.- 
-Iven above butt welding must be used to attach them. 

Or completion the tank should be given the standard cold acid chi*o- 
mate dip and painted externally with two or three coats of an approved 

lacquer (see page 392). 

Fie! Tanks. The tanks described above have developed witli 
the conventional lightly loaded fabric-covered structure. The growth 
of the stressed skin structure which is relatively heavily loaded and of 
n.>bust gauge has brought attention to the possibility of dispensing with 
independent tanks and of carrying the fuel in special compartments of 
the structure itself. Precedent for this is found in naval architecture, 

Xcie. The iilustrations and information in this section are given by courtesy ei 
FU'7Kt and Messrs, F. A. Hughes & Co., Htd., Abbev House, Baker Street, London, 

K.W.l. 
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tanks of a ship being fuel-tight compartments of the primary 

la England this principle was used as long ago as 1926 when the 
‘ ’dsbip portion of the starboard float of the Supermarine S,5 Sclmeider 
-rQ-pbx seaplane was used as a tank. The use of a single tubular spar 
C the wing as a fuel tank has been mentioned on pages 78 and 141, 
,1" descriptions of the Blackburn- Duncanson and the Hamburger wincis^ 
‘“"ib America integral fuel tanks have been used by Seversky, OiemiL. 

Gurtiss-Wright, Lockheed, The Consolidated Aorcraffc Company, 
others A The Martin China Clipper had tanks built into the huil, 
-^tween the planing bottom and the cabin floor. Fuel was also carried 
h We lateral stabilizers or “sea wings” (see Fig. 410). 

"" Because of the very high loads which may be imposed on the sea 
wiiigj it must be robust and it may be made relatively inflexible. There is 
therefore less chance of leaks developing. In this example it will be seen 
that a very solid internal structure is provided and that the fuel is not 
free to swill fore and aft. Its level will, of course, be maintained through 
the gaps where the inner corrugations of lower surface cross the spars, 
bat these are not sufficiently large to allow violent movement. 

The integral fuel tank of this sort shows a great saving in weight and 
while no rule can be laid down it is suggested that a tankage allowance 
of as little as 0*1 lb. per gallon on top of the structure weight may be 
sufficient. In military aircraft, however, the growing popularity of the 
integral tank clashes with the necessity for making the tank bullet- 
proof. This is done by enclosing it within a pure rubber casing, a process 
which may be easily applied to the tubular spar tank but is difficult to 
haagine in other cases. 

1 See Journal of the Aeronautical Sciences, Vol. 4, No, 3, January, 1937, ^‘Integral 
fwd Tanks,” by Horace J. Alter. 



CHAPTER VII 

WORKSHOP PROCESSES AND DETAIL DESIGN 

M' Lvr workshop procossBS used in an aircraft factory are tho®# 

caiuniu!. to all engineering practice. There are, however, many whi^ 
have beoii evolved for aircraft work, or which, though used elsewhere, 
iiave developed a special technique when applied to this class of work! 
Soine of these, sncii as wielding and hull construction, which dictate 
tlie i>;daiis of design, have already been described in conjunction with 
the design. 

The ^lANEFACTruE OF Strip Spars, Eibs, etc. 

The general design of thin strip sections has already been dealt with 
in Chapter III, and many examples were illustrated. The principal 
feature" of strip structures is that the material, being thin, must he 



Fig. 411 

corrugated to give it stability. The technique of producing corrugated 
;sections is one which the aircraft industry has had to develop itself, 
althougli the elements of it are known and applied in other industries. 
Much experimental w’ork is still being done and many methods have 
been tried. Amongst these were folding and pressing, but not being 
applicable to long lengths and the more complicated shapes, they have 
been largely supei^eded. 

The method now used almost universally is drawing through dies 
or rolk. The details vary considerably from factory to factory, but 

the principle is the same. 

A dmw bench \Fig. 411 ) consists of two long parallel rails or channels, 
back to back, some 6 in. or 12 in. apart. At eateh end between the 
girders is a large sprocket, round which passes an endless chain so 
arraiiged that tlie upper length of chain is level with the top face of the 

rails. 

The sprocket at the left-hand end is driven by an electric motor, thus 
causing the chain to travel in an anti-clockwise direction, as seen in 
the diagram. At the right-hand end is arranged a battery of forming 
rollers and a die through which the strip passes. • The end of the strip 
is held in a grip which slides on the rails hooked into the chain. When 
th^* full I-ngtli of strip has been pulled through, the motor is stopped, the 
grip iie-clutched fnjm the chain, and the fomied strip removed. Fig. 412 

sws t he typ^ of draw bench evolved by the Bristol Aeroplane Co., Ltd., 
for strip steel ivork. This draw bench has been used for pulling the secfc- 
:giis together In assembling spars and tubes with the interlocking jtint, 
peculiar t-o Bristol practice (see Fig. 9/B). For the actual fabrication of 
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Fig. 412. Strip Draw Benches at the Lristol v^ohks 
(B,u courtesy of the Bnstol Aeroplane Co., ltd.) 

surface. A rolling speed of 30 ft. per minute or up to 1,500 ft. per iiuur 
is regularly attained. 

Lengths up to 70 ft. were handled by Boulton Paul in the labrica- 
tion of RlOl, and draw benches capable of handling strip irorii three- 
quarters of an inch to a foot in width are in daily use. Tiie materials 


Fig. 413 

put through this process vary from high-tensile steel 0-005 in. tiiicE to 
duralumin 0-10 in. thick. ^ ^ 

The whole problem of draw bench work lies in the design of the rouers 
and dies, which must he suitable for the particular inaterial to be 
formed. Simple sections in duralumin may be made through a sin^e 
die. In the more complicated sections the final shape can 
attained by the use of multiple dies or rollers, each of which ados m 
the curves or bends required. Fig. 413 illustrate three stage in the 
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fonnatioii of a beaded edge clianiiel. The shapes a and 5 may be pm. 
disced either through dies or rollers, preferably the latter. It wiU be 
swn that the small kinks are put in first, and serve to locate the strip, 
r-reventing it. Loai wandering sideways. The rollers for h are shown in 
Fig. 414/"^Tlie strip passes through at a constant speed, but all par^ 
id the roller at different distances from the axis cannot be travelliiig at 
the same speed. In order that the worst ‘‘slip” between strip and 
roller shall, be as small as possible, the split between the rollers is kept 
at the median line of tlie section. The rollers are usually made in ca4- 
hardened mild steel, when the expected production is not large. For 



Fig. 414 


large quantity work the extra expense of making them in a hardened 

nickel steel is allowable. 

The rollers run freely as the strip is drawm through them, the upper 
being adjustable by a hand screw to regulate the pressure. In the 
Armstrong-Whitworth draw benches the lower rollers are fitted with a 
spur gear for use when the strip is first fed into them. They are coupled 
together through these gears by means of a rack. One of the rolls is 
turned with a lever, and all move at a uniform speed until sufficient 
strip has been fed through to be gripped by the slide. The lever and 
rack are then removed, leaving the rollers free to rotate. At the Bristol 
works the strip is not pulled through the roUs. The roUs themselves are 
driven and cany the strip through by their rotation. Although this has 
the pcBsible disadvantage tlmt the strip may be in compression between 
each pair of rolls, it allows greater lengths to be handled. The length is 
not Mniited by the length of the draw bench. 

The final shape in the example given is obviously not easy to 
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:^foduce between roUep owing to tbe reverse bends. It mnsL tbere- 
tlirougb a die shaped to C. This may be fairly long and of 
iron with a good lead into the final section where the strip leaves the 
As with rollers, a harder material may be used when large prodnc- 
don and the consequent wear are expected. Or the case may be met 
hy bolting on a hard steel face at the outer final end of the die (Fig. 415 ). 
5 onie closed sections, however,^ may be completely made by rolling. 
It is necessary to have the closing rolls about vertical, instead of hori- 
jQQtal, axes. The number of rollers and dies, and the shapes of the 
5ist and intermediate sections, depend on the material of the strip and 



^ 

' 1 ' 


■ M 




Fig. 415 


tbe amount of shaping. As many as six sets of rollers may be necessary. 
Experience of the many variables involved and constant experiment 
are the only means of attaining success. When a correct set has been 
found for any particular section which is likely to be used repeatedly, 
they should be made up in the form of a permanent battery which can 
be&ted to and removed from the draw bench as a single unit. 

An example from the Dornier factory of a complicated section pro- 
duced entirely by rolls is shown in Fig. 416. It will be seen that a battery 
of eight roUs is needed to give the final shape. The work is first done on 
tbe centre of the strip and then each successive shaping out to the 
edges is added. The sides are finally closed up by two oblique rolls. 

The Dornier rolls are capable of handling strip from 0*015 in. to 
0‘10 in. in thickness at speeds from 16 to 80 ft. /min. The drawing force 
is horn 3 to 10 tons depending on the thickness and the section being 
drawn. Duralumin is usually roUed by Dornier in its final heat-treated 
condition. 

(The rolling of the curved bracing members in a Vickers geodetic 
structure (see pages 96 and 100) would seem to be extremely difficult, 
it is done on a special type of rolling miU, patented by Vickers, and 
using five to seven pairs of rolls, which give the section its predetermined 
cuTYature in the one operation (see Fig. 417). 

In this example, unlike the Dornier, the side flanges are turned up 
first, the reverse bends being given by vertical rolls. These are so placed, 
and moved by cams, that they begin to give the member its curvature. 
Tbe centre corrugation is added by the last set of rolls which also com- 
pletes the curvature. The control of the cams is such that the radius of 
currature can be varied along the section as it passes through. In the 
Tickers Wellington the geodesics were all of the same section but the 
thickness ranged from 12 s.w.g. to 22 s.w.g. There were over 1,650 
^parate members in each aircraft and the material was duralumin. 
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Jn drawiiig domluoiin strip, the material is first- cut to the correct 
width. The raw coil is momited on a drum, the free end being fed 
through rollers with disc euttei^ at each end. The wddth between the 
cutters must be adjustable within fine limits, and the feed must 
exactly at right angles to the cutter axis- As it leaves the cutters the 



Fig. 416. Dormer Draw Bexch Rolls 
',Ey cuurtesy of "‘Aircraft Production'^) 


Strip is run on to a second drum. It is then fully heat-treated in the 
coil at 490" C., and the drawing must be done within the two hours 
t^fore age hardening becomes apparent. After washing and before 
drawing, the whole coil should be dipped in melted beeswax and tallow, 
which act as a lubricant. The section is then drawn, cut to length, 
cleaned, and anodicaliy treated. 

It is inadvisable to design sections with tightly- closed headings in 
duralamiii. Beeswax and dirt collected in inaccessible cornei^ will 
cause trouble in the anodic bath and thin material may be ahnost 
eaten away, or at least severely pitted, at these points. Absolute 
cleanliness Is e^ential, and the section must be such as to make it 
po^ible. 

In the drawing and roiling of strip steel sections there are two schools 
of thought over the question of heat treatment. In some factories, 
notably Bristol and Hawker, the strip is received slit to width and 
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heat treated to the final strength. It is rolled in this hard condition, 
f he alternative method, followed by Armstrong- Whitworth and Boulton 
^ Paul is to buy the strip in the annealed condition, to roll it in this state 
to heat treat to full strength afterwards. Hard rolling reduces the 
Bumber of operations to be carried out in the aircraft factory, and is not 
difficult to do. On the other hand, it is claimed for soft rolling that the 
wear and tear of roUs is less, that the difficulties of “spring-back” are 
eliminated, and that the heat treatment process is simple and exact if 
carried out by electrical methods. 

^ In the Boulton & Paul plant the formed section in the annealed state 
is fed into an electric nmffle furnace, through which it passes at a speed 



Fig. 417 . Vickeus Dbaw Bench Roms fob Cub ted Members 
{^By courtesy of The Aeroplane ”) 

appropriate to the temperature required. It will be understood that 
such thin material quickly attains the tempering or hardening tempera- 
ture. As the section passes out at the far end of the furnace, after being 
heated and “soaked” as it goes through, it is fed into a hollow cast-iron, 
water-cooled die, which maintains the shape whilst cooling it finally. 
It has, however, passed through the critical cooling range in the short 
air gap between the furnace and die. The steel used is, appropriately, 
an air-hardening one. 

The Armstrong- Whitworth method of hardening and tempering is 
different in that the formed strip in the soft state is made a resistance 
in an electrical circuit. It is drawn taut in a vertical brick-lined 
chamber, the lower end just passing through a die which closes the 
bottom of the chamber- The current is gradually turned on until the 
required amount is passing and the correct temperature reached. 
About fifteen seconds are taken to attain a temperature of 820"^ C. to 
850° 0. The current is left on for 30 sec. and then decreased so that the 
temperature drops to 700° 0. The strip is then passed down through the 
die, which removes the scale, into the quenching pit below. 

In the annealed state, when drawn, the steel has a tensile strength of 
40 to 45 tons per square inch. It is hardened to 110 tons per square 
inch and then tempered back to 80 to 90 tons per square inch, the 
12-— {A.9003) 
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=teel to D.T.D. Specification 54A^ Tlie 
A in pi-ineiple similar to the hardening. For this, the 
Luiizoritallp niider tension, and the temperature raised 
Is maintained for 90 sec., after which the strip cools 

the assembly uf the various corrugated strips into the 



(By courtesy of '‘Machinery'*) 


final spar, rib or strut would be difficult. The parts must be held firmly 
in their correct position relative to each other while the drilling and 
riveting are done. Not until the work is completely fastened together 
may it be safely released, if accurate and consistent dimensions are 

to be worked to. 

The Armstrong- Whitworth spar (Fig. 11, B) would appear as trouble- 
some as any to put together owing to the number of pieces involved. 
By thorough Jigging, the cost of which is covered by their large output, 
tiie work is reduced to almost mechanical operations. The strips, having 
been drawn to shape, heat treated and tempered, are cut to their correct 
length. The first portions to be assembled are the inner segments of the 
booms to the web. The Jig for this consists of two tubes acting as dummy 
^ Now known as B.S.I. Specification S.88. 
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Kooiiis correct distance apart. They are complete with a flange to 
. resent the outer segment of the hoom. The inner segments are held 
infteir correct positions on the dummies, and the web plate placed 
between them and gripped. Widely spaced holes are punched and 
rivets put in to hold the inner segments and web together. The punching 
riveting throughout the whole length is completed. The work is 



Fig. 419. Aemstkong-Whitwouth Spas Drillin-g Jig 
{By courtesy of ‘"Machinery*’) 


then removed from this jig and any tubular siiflening in the booms 
located in position. The spar is ready to have the outer boom segments 
added and the corner jointing strips pulled over the small flanges. For 
this the spar is held vertically in fixtures along a bench, at one end of 
which is a hand windlass, A cable passes round the windlass, and at 
its free end has a clamp which grips the jointing strip. Once the jointing 
has been fed on to the flange, it is puUed down the spar by turning the 
windlass, small clips being put over it at intervals to hold it until 
riveted. 

The punching and riveting are hand done (see Fig. 418). The final 
operation is the drOling for fittings. The jig is shown in Pig. 419. 
The spar, now completely riveted up, with aU internal stiffening added, 
is clamped to a long steel channel. This is supported at three points by 
circular rims which run in flanged rollers on the bench. The whole Job 
can thus be rotated to any angle at the wish of the operator. Bushed 
drilling jigs are located at fixed positions on the channel base, and the 
drill has merely to be put through these, there being no measuring on the 
job. With jigs of this kind it should be possible to assemble a whole 
spar without once using a rule. 

The rib construction is similarly reduced to a series of mechanical 
unskilled operations. The rib, which is shown in Pig. 49, is built up 
from lipped channel booms with square section cross bracing. The 
bracings are cut to length and their end holes drilled in an adji^table 
jig. The end hole, having been drilled, is used to locate the bracing on 
a peg, round which it is rotated against a small grinding wheel which 
mdiuses the end. 
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T? are iKriit lu contour on a former which carries a travelliiig 

Fi:r. 4‘2u> As the operator pushes the guide along, he 
f sr:'- : ' both boom and former. Any small wrinkles 



Fiu-. 420. AuMSTiiONG -Whitworth Rib Boom Bexdixg Tool 
ecurtesy of “Flight’*) 


whlcfli tend to appear in the boom hanges on bending are pressed out by 
the traTeiliiig guide as it passes. The boom, now bent to shape> is 

flipped to a vertical jig 'Fig. 421) by clamps which also hold drUling 
bushes, and the rivet holes put in. 

The rib is assembled on a rotating wooden jig (Fig. 422). The holes 



Fig. 421. ArmstroiivG- Whitworth Rib Boom Drilling Jig 
(By courtesy of “Machinery") 


which already exist in both booms and cross bracings are matched up 
by a pointed peg and blanE tubular rivets inserted- The ends of these 
are beiled with the pincem as shown in the illustration. The rib is 
K^moved and the rivets finally closed down. 

In the pmcess used by Liore & Oliver in France the bracings are cut 
to length and the booms contoured, but no holes drilled at that stage. 
They are thenas^mHedm a fiat bench Jig on rails, over which a lid closes. 
The lid iS: furmshed with drilling bushes. After drilling, the lid is 
opened, rivets dropped into the holes where they hold the rib together 
sufficiently to aflow it to be lifted out of the Jig and transferred to a 
whieh clo^s the nvete- A particularly neat point in this system 




Fig. 422. Armstrong -Whitworth Rib Assembly Jig 
{By courtesy o f Flight") 

the second drills the holes, the third inserts the rivets and lifts out the 
db, handing it to a fourth, who closes the rivets. It is claimed in this 
way that the average time with female labour is 30 min. per rib. 

The Extrusion Process 

The extrusion process for forming sections in light alloys has made 
g!*eat progress in recent years and its development has been encouraged 
by the almost complete substitution of aluminium alloys for steel in 
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DIE HOLDER 


Fig. 423 


the main wing and fuselage structures. The process is not one operat-^ 
by the aircraft constructor who always buys his sections ready extmaea 
from some specialist firm A 

^ The following description is taken from an artic^ by li* 

Reynolds Tube Co. Ltd., in M^tallurgia, February and March, 
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as '"tU' xUrciiig of metal heated to plastic state 
ihruu-^’i: Th r. by pressu^'e/^ For extruding aluminimn alloys an hydraulic 
lu-ual/ Such a press consists of a container which receives the 
the die. a pressure cylinder and a ram (see Fig. 423 ^ 
I’L-* is p!:a*ed in the container which is closed at one end by 



Fig. 424. ExTarsiox Die, Die Holder, ax'd Bolster 
(By ccmrtes^j of Meiallurgia *') 

t ile ilie and at the other by a pressure disc. The cylinder applies pressure 
tei this disc tliroiigii the ram and the metal is forced to flow through the 
die taking the contour to which the die is cut. It is not necessary here 
into farther details of the hydraulic press, but there are several 



Fig. 425. Extrusiox Die Assembly 
{By CQurtesy of '' JtleiaUurgia ”) 

p^oints in the pmcess which should be understood by ahcraft designers 
and draughtsmen, so that in asking for new sections they may know 
the hmitations of the process and how to suit their design to it. In the 
die head is fixed a die plate, a holder and a bolster. The die plate is 
the most intricate part of the mechanism, and it must be cut very 
careftiily if the proc^ is to be successful. 
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^ tomplst) is first zQ-aid.© to tli© exact sliape of tlie desired, section witii 
suitable allowances for contraction. The die is cut from this templet 
and is a machined disc of nickel-chrome-tungsten steel about IJin. 
thick, the diameter being suitable to the size of the section and the 
press on which it is used. The die is hand-finished to extremely fine 
Ijjrdts, and it is highly polished. A section is cut clear through the die 
and there is no “lead-in” when alummium alloys are to be extruded. 
For magnesium alloys a slight radius is cut on the edge of the section. 
For this reason a die made for aluminium alloys can seldom be used 
for magnesium, and vice versa. The die itself is not strong enough to 
stand very high pressure and it is supported in a die holder with a 
special holster (see Figs. 424 and 426). 

The holder and bolster are of forged nickel-chrome-tungsten steel 
cut to the same contour as the die, but larger, to allow the extrusion 
to pass through without touching. These tools are carefully hardened 
and tempered and they fit very accurately into the mouth of the 
container so that no metal can escape during extrusion. 

The ingots are heated to the particular temperature required, usually 
between 380° C. and 480° C. To prevent the metal flowing hack over 
the stem of the ram during extrusion, a pressure disc is used. This fits 
the container with a small clearance and is inserted after the ingot 
and between that and the ram. Under pressure the metal flows through 
the die in an extremely interesting way. 

Only that metal which is directly opposite to the die opening is 
forced through it. As the metal is under pressure and cannot expand 
outwards it must flow to the rear of the ingot and then down the centre. 
If the operation is not carried out carefully, there wiU he “coring” or 
‘•piping” in the finished section. This phenomenon, which cannot be 
entirely eliminated, controls, to some extent, the length of discarded 
ingot left behind in the container. The usual speed for average sections 
is 3 ft. per min. The metal is changed entirely from the cast to the 
wrought condition, and the high pressure used in the process gives 
extrusions a dense uniform structure, much more reliable than that of 
rolled bars where the outside of the bar received a lot of cold work 
whilst the centre was relatively unaffected. After the sections have 
been extruded, they are heat-treated, straightened, cut to length and 
tested. 

It is difficult to define limits which the manufacturing process puts on 
the design of sections, but the technique is improviug year by year, and 
sections are now being produced which would have been considered im- 
possible until recently. At one end of the scale are T-sections 0*040 in. 
thick by 0*75 in. overall dimensions, weighing 1 oz. per ft., and at the other 
are sections 1 in. thick by 6 J in. overall depth weighing nearly 20 lb. per ft. 
Conventional sections such as tees, zeds, and simple channels do not pre- 
sent any great difidculty, but trouble is experienced in channels where 
the depth is greater than the width. The sections shown in Fig. 426 
were difidcuit, in that the sides are of a different thickness from the 
base, and the ratio of depth to width is relatively big. In extruding such 
sections the whole of the pressure of the tongue of the die is taken 
across the top where the sides end. The greater the depth of this tongue 
the greater is the tendency of the die to break at that point. 

For sections such as these, the die and its holder are made in one 
piece, or, alternatively, the holder and bolster are made in one. Where 
the channel is very deep and narrow it is extruded with the webs 
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iv.-i .jr.t. aiA: .'r^ub^e-^ueutly dra^^Tti parallel after extmsioii. TMs 
i!ioiva>e:i the cost, and it can only be done on sectiorig 
.[f nutliae and reasonably constant thickness. 

There is a definite ratio be- 
tween the minimum thickness 
and the largest overall dimensioiL 
The cross-sectional area of the 
section, particularly when it ig 
complicated, has a distinct bear- 
ing on whether it can he extruded 
or not. Thus it is possible to 
produce a 1 in. T-sectioii 0-fJi in. 
thick but not one of 3 in. and 
that thickness. This is due to 
the fact that an ingot can only 
be reduced in area by a certain 
amount. For small sections it is 
usual to cut the die so that 
several may he extruded at once. 
With a larger section it would 
not be possible to produce it in a multi-hole die owing to its large 
overall dimension and the reduction in area from that of the ingot to 
that of the section w’ould be too great for any press to handle. Definite 
rules cannot be laid down, and the practical experience of the extrusion 
manufacturers should be 
used in ease of doubt. 

Considerable trouble is 
found in producing certain 
extruded sections to very 
line limits. It is sometimes 
possible to draw the sections 
to fine limits after extrusion, 
but this involves additional 
expense, and should only be 
asked for when absolutely 
4jsseiitiai. The factors which 
affect the toleraiiC€s are nu- 
merous, e.g. there is always 
a contraction of the metal after extrusion, and whilst this can be allowed 
for in the manufacture of the die, the use of this die on a different 
hydraulic press may produce slightly different dimensions. The 
straightening operation after heat-treatment may require special tools 
if the section is not conventional, and this again leads to additional 
expense, T..-.rt!.?u!.rr!y if long lengths are required. It is possible to 
iiianufactn: 1 r;y the extrusion process sections and tubes of very 
irregular shape. 

The hole, however, must be symmetrical about both axes of the section 
since the mandrel is located in the centre of the stem of the press and an 
even pressure must be inserted by the extrusion so as to maintam it 
centrally. The four walls of square or rectangular sections do not 
have to be of the same thickness provided that the pairs opposite 
to each other are the same. 

Eccentricity is, therefore, to be avoided, and the tendency of the 
is by its very nature to make symmetrical sections. A recent 
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i.Yelopment of the technique of extrusion allows sections to he made 
iviag tapering wall thickness. That shown in Fig. 427 is an example 
•inFing the end sections which were cut from one extruded length. 
^Tte taper does not have to he gradual and straight from one end 

iiie other ; it could vary and parallel portions may be introduced. 
T:e section of the hole can also change throughout the length from 
[md to rectangular, for example. 

Solid taper sections are now being made as, for example, tee, angle, 
!.d zed sections in which the flanges taper in thickness along the entire 



Fig. 428. Shobt “Empibe Boat” Spab Joint, 

SHOWING IJSE OP ExTBUSIONS 


ieagth. This is a valuable property and saves a great deal of machining 
m the manufacture of spars for tapering wings. Many other savings 
become possible by the careful design of extruded sections, and much 
machiriing may he eliminated. A very ingenious example of this is 
shown in Pig. 428, which illustrates a spar joint from a Short Empire 
Boat. The spar flanges are large extruded T-sections, approximately 
5 in. X 6 in. X 1 in. The bracing tubes are joined to the flanges by 
means of standard extruded blocks like that on the left of the 
illustration. These are made in long lengths, parted off and shaped. 
Many other examples of extrusions will be found in the chapters relating 
to main plane and fuselage construction. 

Detail Fittings 

Many examples of detail fittings have been illustrated and discussed 
iii the preceding pages. Some have been of bent plate, others machined 
from bar, and yet others have been drop forgings. Castings have only 
been foimd in small unstressed parts, such as the blanks for tank 
caps. Cast metal is too unreliable in its texture for primary structure 
carrying big loads with small factors. Metallurgical improvements in 
certain aluminium and magnesium alloy castings are leading to their 
for secondary structure. The inspection, which should include 
S-my methods, must be rigid. 

Fig. 429 illustrates tubular strut ends made of bent plate, welded, 
i and 6, and end sockets machined from bar or from drop foiled blanks 
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arc in Fig. 430, a and &. These will serve as examples for a 

of the different met-iiods. 

"xhe welded plate end, a, will be seen to consist of seven pieces, three 



Welded Plate Tube Ends. 


Fig. 429 




in Bails and one channeL The material is mild steel to Specification SS. 
The main load is taken on the two flat pieces which are slotted into the 
tube and welded, the welding being in shear. The two side plates and 
the diannel are thinner, and serve to seal the tube end. They do, 
however, take load in proportion to their thickness, transmitting it 
throiigh the weld to the tube. In fittings of this kind it is frequently 
found that the plate is down in bearing strength. Washers are therefore 
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welded on as shown, and increase the bearing strength in the proportion 
nf tteir thickness to the total thickness. The^ are welded in position. 
If the tube is a tension member, or at any time carries a tensile load, it is 
^jmetimes the practice not to weld right ronnd the end of the fitting. 
The value of this precaution is doubtful, as the annealing effect of the 
osy-acetylene flame extends up to an inch or more from the weld. 

" Owing to the manufacturing tolerances on sheet metal and the 
gligiit distortion caused by the weltog, it is impossible to work to 
j;]{)se limits on the width of the fitting. The final exact dimension of 
fidth may be obtained by filing down the sur- 
face of the washers or of the channel piece. 

To reduce distortion and avoid cracking, the 
thickness of any of the individual plates should 
Bot be more than two or three gauge sizes above 
the wall thickness of the tube. 

An end fitting of this kind must be normalized 
to relieve the internal stresses caused by bending 
isd welding, and to restore the material to its 
full strength. It is therefore not suitable for 
stmts outside the normal muffle furnace length, 
and it restricts the tube to one of the low tensile 
welding grades such as T45. 

If the tube is duralumin or one of the higher tensile steels, the fitting 
must be machined as shown in Pig. 430. In a large production where 
standardization of tube sizes and end sockets may be effected it w'ill 
probably pay, both in material and labour, to use drop forged blanks 
rather than round bar parted off to length. A suitable blank for the 
socket 5 is shown in Fig. 431. The saving in material may amount 
to 20 per cent, and if the forging is well done the outside surface may 
require no treatment beyond the removal of the “flash” by grinding 
and descaling by pickling or sand blasting. 

There are adherents to both the inside {a) and outside [h] types of 
sockets. The outside type gives an appearance of better finish, but 
requires a blank of slightly larger diameter. It has the additional but 
small operation of drilling an inspection hole for the purpose of ensuring 
that the tube extends the correct distance into the socket. The mternai 
socket requires slightly less material and gives a more flush job. Greater 
care must be taken in cutting the tube end, and its inner edge must be 
mdiused or bevelled. The great difference between the two types, 
however, is due to the tolerance in tube size. In standardizing sockets 
only one tolerance, that on external diameter, has to be catered for in 
the outside type. With the inside socket there are two tolerances, that 
on the tube diameter and another on the tube wall thickness. Inside 
sockets made to close limits will vary from a drive fit to a sloppy one, 
according to the variations in the tube. And if made to big limits they 
may refuse to marry up with a particular piece of tube. TMs, more than 
any other reason, is the best excuse for the outside socket, and it is an 
excellent illustration of the influence of interchangeability limits on 
detail design. 

The joint is completed by fastening with taper pins. The pins must 
designed to carry the full load in the member. No credit for strength 
aiay be given to the bearing of the tube end on the socket, as very 
sact and unnecessarily expensive work would be needed to make it a 
good enough fit. 



DROP FORGED Bl^NK FOR 
STRUT End socket. 

Fig. 431 
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3"S 

n.e pins are put in at an angle of 90 degrees if two are used 

■'^^'1 if and so on, in order that the stress may be e%’enlt 

iSt ribiited. 

A pelnt wiiicu is insuiricientiy realized is that there is a distinct 
in steed. In a rolled steel bar it is marked by the intergranula^ 
'lu- wlf^r-L lun the length of the bar. The machined fittings 



WRONG CORRECT. 

EFFECT OF GRAIN IN STEEL BAR. 


Fig. 432 


discussed were made from round bar, and the grain therefore runs from 
top to bottom of the socket. Had the tube been of larger diameter and 
the end jaws smaller, the socket might have been designed in one of the 
two ways shown in Fig. 432. Assuming the socket was machined from 
tar of the same outside diameter, the centre line of the two being identi- 
cal or parallel, the grain would run the direction shown by the shading. 
There would then be a most definite weakness in (a) at the point x over 
and above that which would be there if the material were uniform. The 
jaw webs should go to the rim of the flange so that the path of the load 
may’ run straight to meet its reaction in the barrel of the socket. 

Compare the plate and machined A fittings in Fig. 433. The question 
of gmin is not so important in the former. The internal structure of 
the material runs parallel to the surface and follows the bends. But 
in the machined fitting the radius in the corner should be generous so 
that there is no concentration of load at the point where the grain 
becomes short. If possible, the machined fitting should be made fmm 
a drop foiled blank, in which case the grain flow would be correct. 
Fig. 434 illustrates the flow in a valve stamping which is of a similar 
nature to that required in the A fitting. 
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The importance of this point is shown by the following tests ^ on 
gauiples cut with and across the grain — 


Material 

Maximum Stress, 
Tons per sq. in. 

Reduction of 
Area, per cent 

Izod, 

ft.-Ib. 


Long. 

Trans. 

Long. 

Trans. 

Long. 

Trans. 

Mckel-chromiTim steel (heat 
■ treated). 

64-8 

65-8 

61-0 

35-7 

57*0 

lS-0 

paralumm 

26-3 

19*1 

38-9 

8-9 

— 

— 

gagnftfiimn alloy (forged) . 

18-9 

16-7 

20-6 

9-1 

1 








' 1 

BENT Plate x Fitting 


! 



Machined X Fitting. 

Fig. 433 

Returning to the bent plate JL fitting (Fig. 433), a small but very 
desirable feature is the fitting of thick washers under the holding-down 
bolts. These allow the bolts to be brought close in the vertical web and 
to overhang the radius of the bend, thereby increasing the stifiness of 
the fitting appreciably. , 

A comparison in cost between bent plate and machined X fittings 
would be interesting, but must, of course, be worked out for each 
&ctory owing to the variations in overhead charges, available plant, 
and so forth. In the plate fitting there are seven pieces which must 
be cut to shape, bent and filed to fit- Pilot holes must then be drilled, 
^Johnson, “Inspections of Metals and their Alloys,” Journal R.Ae.S.f June, 193&. 
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IG. 434. MACEO-SECTioisr of Valve Stamping 
(By ikmrtest/ofthe English Steel Corporation, Ltd,) 
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the fitting bolted together and passed to another operator for welding. 
It is normalized and sand-blasted before drilling and corrosion-protec- 
tion, which are operations common to both plate and machined fittings. 
In adfiition-j therefore, to the seven pieces of material which go to make 
the complete fitting, there are upwards of half a dozen operations to be 
performed. The time taken in normalizing and cooling ofi, as well as 
waiting intervals between operations, keep the fitting under an 
overhead charge considerably longer than in the case of the machined 
piece. 

The latter would pass through more quickly, as there are only two, 
or at most three, stages of milling before the drilling and corrosion- 
nrotection operations. More material is certainly cub to waste, to 
balance against the extra operations and time of the bent plate work. 
But it must not he assumed that because the material is inexpensive, 
and the finished article looks cheap, that the plate fitting is less costly 
than the machined one. 

Turning now from the manufacture of a single fitting to mass pro- 
duction, three press tools are required for the plate work against a 
single but more expensive die for making a stamped blank of the other. 
Again it is unsatisfactory to generalize, and detail costs should be 
worked out for a number of examples before making a decision. 

So far it has been assumed that mild steel was the material of the 

fitting. In high- tensile steel or duralumin the angle plates and base 
could not be welded together. They would have to be drilled and 
riveted and the packing washers under the heads of the holding-down 
bolts left loose. The corresponding high-tensile machined fitting would 
also need a slightly different treatment. The web and base would be 
tbinner and finer limits worked to. The finish must also be much better.^ 

So far only the fringe of detail design has been touched on, but the 
two examples taken, the strut end and the angle piece, may indicate 
a method of approach to the problem and show some of the difficulties. 
They should be taken in conjunction with the analysis of actual fittings 
in the wing and fuselage chapters. 

Stajmping, Pbessing, and Drop Ham]mering 

The processes of stamping and pressing are amongst the most useful 
known to engineering. Once the dies are made, the cost of operation 
is small and the working expense in each part produced negligible 
by comparison with that of hand manipulation. Moreover, exact 
^inilarity and interchangeability is achieved. The objection, of course, 
to the universal adoption of pressing lies in the cost of the dies. These 
are usually made of a high quahty steel, and although the first rough 
work in making; them may be done by drilling and machining, the 
finishing and fitting together of upper and lower halves must he by 
iiand scraping. 

The cost of making such a die for producing fifty small components 
may be five pounds. The cost per component is thus two shillings. 
If Ihe number of components to he produced amounts to a thousand, 
the cost per component is little over a penny. 

Until the R.A.F. rearmament programme began in 1935-6, the process 
of pressing was, therefore, slow in coming to English aircraft factori^ 
except as applied to a few standard sizes of flanged lightening holes 

^ See p. 41, second paragrapii. 
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um 


iAj. ai-^: standard fittings such as wiring lugs, shackles and 

vAd' L may be made in one operation in a hand-operated flv 

There is. however, much scope for ingenuity in finding cheaper 
methods of making dies more applicable to the comparatively small 
pr.ediictioc of aircraft parts. 

Cue inetlitHi developed in America and since adopted in England L 
that of Ursine a blanking die in conjunction with a block of confined 
in txi** upeAitinz head. The lower surface of the table is flat and 



Upper Die 

Flanged Hole 

Lower Die 


Dies for producing flanged 

LIGHTENING HOLES 


Fig. 435 


the operating head is made hollow to receive the rubber block. The male 
die is cut from zinc and the sheet metal blank pegged on to it. This is 
set on the table, the operating head comes down under hydraulic pres- 
sure and the rubber forces the sheet metal round the die so that it com- 
pletely takes the outward shape of the die and also of any recesses or 
gmoves cut in it. 

Flanged ribs and diaphragms made by this process in the St. Louis 
factory of the Curtiss- Wright Company are shown in Fig. 436. In this 
example, the dies are made of Masonite, a plastic material which is 
easy to work and tough enough for the production of at least a hundred 

parts. 

A press used by Curtiss- Wright is illustrated in Fig. 437. In order 
to justify the expense of such a machine the work must be planned well 
ahead to keep it fuUy employed. Three feeding tables are used in turn 
so that parts may be set up while others are being pressed. The process 
is thus made economical and quick. 

A 3000 ton hydraulic press for this process has been built for the 
North American Aviation Company of Inglewood, California.^ The toggle 
principle is used in order to develop the very high pressure required for 
lorming tsdth rubber. The hydraulic pump is driven by a 150 h.p. 
electric motor and applies a pressure up to 2000 tons per square inch 
through an 18 in. diameter ram. The toggles multiply the load by twelve 
^ For further details of this Press see Aero Digest, January, 1939. 
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and t-iie maximum capacity is 8 ft. X 2 ft. 6 in., or 11 ft. x 12 in. The 
rubber block weighs over half a ton and is 5 in. thick with a section 
12 in. wide down the centre, which is 10 in. thick and 11 ft. long. The 
platen may be moved out from under the press by hydraulic power so 
that it can be loaded in the open. It is 8 ft. long x 2 ft. 6 in. wide, and 
has end extensions to correspond to the deeper part of the rubber block. 
TMs part is used for pressing long members such as longerons and spar 
members. 

Another similar approach to the subject has also been made in 



Fig. 436. Masonite Die Woek 
{By courtesy of Curtiss-W right CorporatioiL) 


America,^ and subsequently adopted by British manufacturers. It is 
described as the ‘‘ Soft Metal Die Process,” and is particularly applicable 
to duralumin and aluminium parts, such as ribs, formers, cowlings, 
tank ends and baffles, etc. The following description will be clearer if 
the part being made is imagined as the bulged end of an alumimum tank. 

Two battens are clamped to a table at right angles to each other m 
the form of a cross. On these are set up two crossing templates, in thin 
sheet metal, of the tank end contour. The quarters are then filled in 
with clay and swept ofi to shape so that a complete hollow mould of the 
tank end shape is quickly obtained. A plaster impression of this is 
taken and used as a pattern for casting the female die in 2 doc, the 
finigh being usually good enough without either scraping or machining. 
The die is set up on the anvil of the press, which may be of the drop 
hammer, hydraulic or toggle types. It is raised on fom small wood 
Mocks about J in. above the surface of the anvil, in which are four or 
five i in. holes. A waU of clay or wood is put up round the die, | in. 
away from it and 2 in. high. Molten lead is poured into this gap so that 


1 “The Construction of the Metal Airplane,” by Mr. George H. ^ 

Pa., before the American Society of Mechanical Engineers National Aeronautical 
Meeting, Baltimore, 12th-14:th May, 1931. 
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it runs between die and anvil into the holes, at the same time forminv 
a flange round the die and locating it. ^ 

The upper half of the die has now to be made, and may be cast in 
position* A strip of flexible sheet metal is lashed round the anvil die 
projecting above its surface. Into this molten lead containing a little’ 
antimony is poured. Whilst it is stiU molten, the hammer, which has 
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Fig. 438. de Havllland Deop Ha^hihee 
{By courtesy of “ The Aeroplane’') 

four or five rag screws projecting, is let down into it. The sheet 
casing is removed as soon as the die has set, and on lifting the hammer 
file upper die travels with it, supported on the rag screws. 

The one die having been cast in the other, there is no clearance 
between them. A sheet of soft iron of the same thickness as the tank 
ends is inserted between the dies and stamped. It is just sufficiently 
tough to create a clearance automatically. It may be taken out- 
fiattened, and used as a template for blank cutting. Dies of this kind are 
to be satisfactory for fifty to sixty parts. They are then remelted 
and the material used again. The pattern, of course, is kept and always 
available. 





mkxal aircraft construction 

li. the uiixkli 4 ; ok more complicated parts, where deeper drawing and 
limits are rcqaired, lead is not good enough for the male die and 
bceii iiiust be of zinc. It is found possible to make this in the same way 
as the lead ^iie was madt?, tiiere being no adhesion between the two zincs. 
Any trouble of that kind could always he met by using the piaster 
pattern. If tlie die is deep it should be designed with a taper to allow 
witlicirawal of the upper one. Double zinc dies have been found inter- 
changeable and more accurate than if made by hand. It is, of course, 
inilnitely cheaper than beating, even when the number required is a 



Fig. 439 . be Haviulaxd Dkop Hamiher 
(Bif courtesy of “ Tke Aeroplane'^) 


dozen or less, particularly as the patterns, once made, are always 
available and the zinc quickly melted up for use again. 

A drop hammer used for this process by the de HaviUand Aircraft 
Company Limited is illustrated in Figs. 438 and 439. 

The tup of the drop hammer with the punch attached weighs about 
li tons, yet tte operator has a finger-light control of the force of its 
blows, and shapes the metal with a succession of light taps. The flow 
of the metal is helped by smearing both punch and dye with high-pres- 
siii^ grease. Slight folds and ridges caused in the flowing of the metal 
afterwards levelled out by using the high-pressure pneumatic plan- 
ishing ^hammer. The rapidity of production is, of course, much greater 
tnan tee older methods of hand working. One end panel of a de Havil- 
umd i^trol ^nk which took twelve man-hours to shape by hand can be 
turnea out in thirty seconds. This press is operated by means of a 30 
o.p. electric motor. 
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Fig. 440 . Gekerax 4iRCRAi’T Drop Ho-imer 
{By courtesiv of General Aircraft Limiied) 
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A iiaiii:..er, having a base 24 in. square, is shown in 

Ihi:. I H'l. This is the smallest in a range of hammers produced bv General 
.\ireraft Ltd. It Is capable of producing small fairings and fittings such 
as are *wn in Fig. 142, the material being aluminium aUoy. A suitable 



Fig. 441. OrL-FtRED Fueis'ace for Spelter 
{By courtesy of General Aircraft Limited) 


Mbtlreii furnace for melting down the spelter for casting is shown in 
big. Ail, This has draw-off valves at different levels so that the pure 
metal tree from dross can be run into the mould. 

44^611 sheet duralumin is hammered it should be in the heat-treated 
eundition, i.e. it should have been raised to 490° 0. and quenched. The 
parts should then be pressed within an hour or two. 

If, however, it is proposed to \ise the drop hammering process for 
snapmg elektron, there is some difficulty since this material should be 
WOTied at a temperature of 250= C.-300= C. For this purpose, therefore, 
dtfe m cast elektron have been developed in Germany.^ The best form 

i’rodaeifo,,, Peceinher, 19??, “The Preparation of Elektron Dies.” 
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of electron for die-making is the alloy known as A.Z.G., which is moulded 
in steel crucibles and cast in sand at a temperature of 6o0°-680° 0. 
The durability of these dies is said to be quite adequate for the pr^ent 
late of production and they may be used for 500 to 1,000 pressings on 
tte drop hammer. Elektron dies are, of course, much easier to handle 
than those made of spelter. 

' A -large hydraulic press used in the Curtiss- Wright Buffalo plant is 
qhown in Pig- 443. This has a capacity of 2,500 tons. The bed and 



Fig. 442 . Typical Fairings made on JDrop hammer 
{By courtesy of General Aircraft Limited) 


platen are over 6 ft. wide and 12 ft. long. The maximum opening is 
52 in., and the stroke 43 in. The press may be used with male and female 
dies of metal-covered wood, or of zinc and lead. Alternatively, it may be 
used with a female die and a rubber head. 

Another machine for forming sheet metal for aircraft work is the 
drawing and stretching press. This is different &om the better known 
drawing press in which sheet metal is pushed into an opening on a die 
by means of a punch, in that it is stretched over a former. A stretching 
press is illustrated in Fig. 444. 

The table of the press rests on the piston which moves upwar^ 
in. a corresponding cylinder under the action of fluid pressure. On 
either side of the table are grippers on which are assembly doping 
jaws which hold the sheet metal. A former corresponding to the 
shape of the component to he made is fixed on the table. The blmik cu • 
to size and greased is laid over the former Uhd clamped on both sid^ 
by the grippers. 
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After engaging the pnmp and opening the control, the piston rises 
rijshing the former upwards against the sheet metal blank, thus the 
sheet held by its ends is stretched over the former. 

^ The stroke can be automatically limited so that the table movement 
when the part has been adequately formed. 

^ The formers may be made of hardwood, such as copper beech, or from 
tfompi'essed wood or reinforced synthetic resin. When “Elektron’^ 
IS being stretched the former should be made of metal owing to the high 



temperature at which the elektron must be worked. The surface of the 
farmer must be polished to avoid frictional resistance. 

In some cases where parts cannot be completely stretched to their 
final shape, they can be prepared on this machine and then whilst still 



under tension or on a special former finished by hammering. Wliere, 
for example, grooves are required, these may be cut into the former 
and faced with metal, as shown in Fig. 445, so as to withstand the 
subsequent hammering. 

Duralumin parts are normally made with the metal in the heat-treated 
condition, but extra cheap drawing may be achieved by putting the 
material through the annealing process several tim^. 
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I L- A ry processes on these lines should have a revolu- 

L' vn akeraft constructional design if full use were made of 

!! fOa In an jKn.-Ible 

Spinning op'’ Alu3uniu^i and Aluminium Allots 

Cxenerd. The spinning of ai u m m iinn and aluminium alloys is 
adopted to a C'-^nsiaer^ble extent in the production of aircraft part's 
hecause the low cost of the chucks employed as compared with the 



Fica 446. An Indication of the Possible Size of Spinning Woke 


I%vo i : '.r:iMr= are Deraeic-r.-ally necessary when dealing with large diameter 
heavy gauge jobs 

{Bm courtesy of Tfie Loyidoji Aluminium Co. Ltd.) 

high cost of press dies. ^\liere a small number of articles is required 
It is more eeonomicalA-o produce by spinning even if the shape is simple, 
while if the shape has a complicated re-entrant outline, spinning may 
he recommended even when large numbers are required because of the 
excessive cost and number of operations involved in production of 
pressing. In some cases, spinning is used as an adjunct to the press, 
the latter being used for producing the initial shape and more com- 
plicated work carried on the lathe. The following notes on the subject 
have been prepared by the London Aluminium Co., Ltd., of Witton, 
Birmingham, who specialize in this work. 

OperatlOE of The actual process of spinning consists of 

forcing a sheet metal blank over a former by using hand tools. The 
metal blank is held against the former or chuck by means of a centre 
piece carried in the lathe taiistock and a lever motion is applied to the 
tool using a pin m the lathe-rest as a fulcrum (see Fig. 446). Because 
of its high ductility aluminium is particularly suitable for spinning 
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work, which, is, of course, carried out at air temperatures. Complicated 
can be spun from aluminium without intermediate annealing 
this applies to certain of the aluminium alloys. Aluminium 
sianganese alloy can be spun with practicaUy the same ease as 
aluminium, but aluminium silicon alloy hardens up much more 
^pidly and much less work can be done before the metal is hardened 
tn the extent of cracking. 

With the heat treated alloys it is essential that the metal should 
be in the annealed state and even then only a limited amount of spin- 
ning is possible. Aluminium is usually spun at a peripheral speed of 
itont 3,000 ft. per minute, which on an 8 in. to 10 in. diameter chuck 
g equivalent to 15,000 r.p.m. or with an 18 in. to 20 in. chuck about 
3.000 r.p.m. 

The material for the chuck depends on the number of spinnings to 
be produced, but where only one or two are required, comparatively 
gift wood may be adopted while for bigger quantities it is usual to 
fork on either beech or lignum vitae. Where appreciable quantities 
se required regularly, it is usual to manufacture iron or steel chucks. 
0ie tools used are of steel and consist essentially of shaping and plan- 
yimg tools, the first operation gives the shape required with a certain 
amount of ridging due to the edge of the tool. This is finally removed 
by plamshing with a special tool when a surface almost as good as that 
afthe original blank can be obtained. In addition various tools are 
lecessary for the trimming, beading, etc., of the metal edge after 
completion of the spinning. 

Lubrication of the blanks is, of course, essential both before and 
ioring spinning. The normal lubricants used are vaseline, lard oil, 
lallow, or similar material. 

Design Points. In estimating for the production of a part by spinning, 
die designer must realize that although the spinner has a certain 
fflnount of control over the final thickness of his work there is a certain 
amount of metal lost in shaping by this process. For example, if a 
(^implicated shape is to be produced, the metal wiU thin down appre- 
ciably towards the edges of the spinning and also during the planishing 
process. This reduction in thickness may amount to one or more gauges 
and, therefore, it is essential in some instances to start with a blank 
which is thicker by several gauges than the finished article. If this is 
done, it can then be assured that the minimum thickness will not be 
than that specified for the part. The excess metal thickness on 
parts which have little or no labour, i.e. flat surfaces, can be reduced 
to a comparable figure by final planishing. 

As the metal hardens during spinning, it is essential to start with 
a blank of the correct temper, thus with a complicated shape it may be 
necessary to start with a dead soft blank while comparatively simple 
shapes can be spun from medium or even medium hard temper. This 
point is important as if the metal is stressed beyond its natural hardness 
its fatigue strength is appreciably lower and cracking will take pla^e. 
It is also essential that the designer decides on the number of spinning 
operations involved in the production of the finished part. In the case of 
complicated shapes particularly with re-entrant curves it may be 
more economical to spin these in two or more operations, using a 
straight chuck for the first operation and section chucks for the later 

In regard to blank size, the general rule is to take the of the 
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as hel-g equal to that of the blank, but in the case of 
^ Iira'ei sLipes trJs gives an oversize figi^e since during spinnin*^ 
a-* n.-Lto.!:ed abo%'e, are reduced in thickness, which gtyj 
ar. ^-ia:val^-nt iranease ii* area and causes waste of metal in the fina*^ 
tf limning. ^ 

Applications. Tiie process has many applications, the most obviom 
.e.es hiring in the csjwling of radial engines (as in Fig. 447), airscre^t 
spimiers. hmding light reflectors, and fairings. Circular spinnings"ma%^ 
be cut down into a iminber of wheel mudguards or they may be sub- 
sequent I V shaped by hand or press into undercarriage spats. *” Fig "44)^ 
shows some large air ducts made in halves or quarters and welded im 
Similar parts on a smaller scale might be used in the ventilation 
heating ducts of passenger cabins. 


Electric Spot Welding 

Electric spot welding is a process whose possibilities for metal alr- 
i raft construction are now realized. In steel and strip structures such 
as spars, ribs, and built-up struts, it would seem to offer a substitute 
for riveting. Spot welds have been shown to have a similar strength in 
shear to rivets of the same diameter. Against the expense and time of 
dfiHing the holes, inserting and hammering up the rivets, the cost 
of welding is inconsiderable. In Joining two thicknesses of 20sw2' 
mild steel together over 6,000 welds may be made per K.W H *The 
speed of working is also much quicker, as only a fraction of a second 
is taken in the actual making of the weld. The time factor is reallv 
a function of the speed at which the operator can pass the materid 
through the machine and make contact. The process would annear 
partkularl.v suitable for stainless steel sheet and strip where riv^tin^ 
dimculties are increased by work-hardening of the material. If ordinarv 
high-tensile steels are spot welded, the rapid cooling which follows 
by conduction has the effect of embrittling the weld. There is one 
point over which the spot welding method fails, as vet. It has not 
been tound possible to develop the same strength against vibratorv 
and iatigue stresses as in a riveted structure. When this difficulty has 
been overcome the possibilities seem big. ^ 

In me simplest form of the process the parts to be welded are clamped 
together ana a heavy current of low voltage passed through the steel 
Detween the tips of two high-conductive electrodes which are* brought 
into contact with it. The resistance of the laminations is greater than 
that of tne eiectrodes, and heat is at once generated which fuses the 
tnic^esses topther. The time taken for this to happen varies as the 
aircraft strip it is a small fraction of a second. In 
ihe omer methods^ of spot welding the time was under the control of the 
operator, which of coiirse, imreliable with such short intervals. 
Auto^tic controUeis are now fitted which cut off the power at some 
predetermined product of time and current. If, therefore, a few tests are 
maae tne appropriate setting of the automatic controUer can be found. 
In a .oot-operated machine the lower electrode is fixed. The upper 
f moves down under the action of the 

foou pe<M. The Hist portion of the pedal’s travel moves the electrode 
the wort between the tips. The second portion of the 
travel switch^ on the current. As the material softens the pre^ure 
ot the electrodes causes a slight indentation on the surface. 
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^ good weld takes the form shown in Fig. 450, from which it wiU be 
seen that the “slug’' of welding is quite internal and does nob extend 
^ the exposed surfaces. 

If the fusion zone extends to the surface there has been faulty adjust- 
ment of the time-current product, resulting in overheating. In welding 
tailless steel sheet the indenture on the surfaces opposite the weld 
mf be slightly discoloured by a film of oxide. This is easily removed 
rlth metal polish and the non- corrodible properties of the sheet are not 
iSected. 

If the welds are made close together there does not appear to be any 
radency for the current to run back and pass through the nearest 
fdd. In tests made with a “Budd Shot Welder” on ten samples of 



D.T.D. 60A. sheet 0*032 in. thick, the average shear strength was 
iS7*5 Ih., and the greatest variation from the mean was not more than 
8‘5 per cent. Tests on groups of three welds close together in the same 
material gave a consistent strength of 660 lb. per weld, which is within 
the limits of the ten single samples. Two tests on dirty samples also 
gave results well within the limits. The presence of some foreign matter 
such as oil, or even paper, between the plates does not affect the result. 

la comparing these figures with the strengths of similar riveted joints 
it should be reahzed that the number of welds in a given length can be 
increased much more easily and cheaply than can the number of rivets, 
and that closely-spaced welds do not lead to loss of efiSciency. Experi- 
mental units and components such as ribs, spars, and complete seaplane 
floats have been made of stainless steel in England, using both Budd and 
il welding machines. In America a complete flying boat, modified 
from the Savoia-Marchetti S-56, was built in 1931 by the Budd process 
from stainless steel. This boat has been demonstrated both in America 
and Europe. 

The growing popularity of the “metal clad” wing and fuselage made 
of a light alloy such as duralumin draws attention to the possibilities 
of using resistance welding in the fabrication of such structmes. It is 
Ml essential feature of stressed skin construction that the stresses be 
low. The use of a high tensile material is, therefore, only economical 
if it is kept very thin. The extra hulk for the same weight which is 
nuplied in the use of a light alloy gives greater stability to a duralumin 
sfiucture of this sort. 

A number of firms, including the Sciaky Company and Philhps 
Industrial, have been working on the problem of spot-welding dura- 
Inmin. If this can be applied to the monocoque fuselage or str^^ed 
sMn wing, the advantage would be aerodynamic as well as economic. 
Both the weight and the air drag of the rivet heads would be elimii^ted, 
md the speed of welding is many times greater than that of riveting. 
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iki jTi'eal tiiiHcully in the application of resistance welding t- 
daralmnin has been in the preservation of the mechanical propertie^ 
i:f the jiiatt-rial after the application of heat. Ordinarily the internal 
stmctnre of the material breaks down at a temperature of about 515 = C 
Tiiis difficulty may be overcome if a particular cycle of mechanical 
pressures between the electrodes is associated with the current cvcL^ 
liuraliimin, like all the aluminium aUoys, has a high conduct! vitv to 



Fig. 451 . Spot Welding Control 

^ rings. The counter 

"t'ilT-; ’* IS lit.. The number is similarly recorded 

‘i red lamp is lit and beU.rings very loudly. A 

counter ados up the number of these welds. 

la the ease of .4 and C, the machine is automatically stopped so that the onerator 
eaammj the eiectrodes to see if they are worn, etc. The foreman may be 
beiore permission to restart the machine is given. 

(By muTte^y of Soudeuses Electriques SdaJcy, S.A.) 


electric!^, and also to heat. It is, therefore, difficult to raise the 
temperature of the material between the electrode points. 

Them are differences in detail between the Sciaky and Phillips 
me.hofe and each claims certain advantages. Without pretendii^ to 
judge between them, the description which follows applies more par- 
ticularlv to the Sciaky process. 

Before the current is turned on, the electrodes bring together the 
two thicknesses to be welded. This pressure is relieved as the current 
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switched on. The plates tend to spring apart and the slight gap 
^tween them, min-ate though it is, creates the necessary resistance. 
Xlie time of passage of the current is very short and varies between 
one hundredth and twenty -hundredths of a second, according to the 
Sickness. As the current is cut of£ automatically, the mechanical 
nr^sure between the electrodes is applied again. This may be as much 
^ 35 tons per sq. in. The Sciaky welding machine incorporates a 
rheumatic relay, for although the electrode points are brought together 



Fig. 452. Loisra Pincebs bob Sciaky Method of Spot 
Welding Hulls, Fuselages, etc. 

{By courtesy of Soudeuses Electrigues Sciaky, S.A.) 

by the use of the operator’s foot control, the actual pressure is subject 
to the initial adjustment of the machine. 

The automatic control is very necessary* as the welding times must 
follow a definite law if the material is to regain any* of the qualities 
which it loses in the high re-heating temperature. The controlling 
apparatus is so designed that it warns the operator by turning on a 
coloured light and ringing a hell if for any reason the weld is not perfect . 
Further, it can he arranged to stop the machine automatically so that 
the condition of the electrodes can be checked. This implies deliberate 
re-starting after a faulty weld. Mechanical counters are fitted which 
add up separately the numbers of weak, good, and burnt welds |see 
Fig. 451). ^ 

The following data on the shearing strengths of spot welds have 
been supplied by the Sciaky Company — 

“Each test piece consisted of two thicknesses of normalized 
dupalumin or of vedal.^ They were tested by gripping the two 

1 Vedal is a French material similar to Alclad, having a strong aluminiiam alloy 
>ore with surface coatings of pure aluminium. 
i3~(A.9oo3) 
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- -u th*. jaws of a tension machine so that the welds we 
in Sn.-ar. I”!.*'- c.hgree of uniformity was established bv renp^n/! 
.-iv :: hftr identical pieces.” ' ^^Peatmg 
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r 3-2 and 
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-r 4*5 ,, 


3*5 
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In addition to the foot operated welding machine of the type she u 
m Fi^f. 5 jy. tiiere are iiiso pineer appUances (see Pig. 452) «-hic-li luith^ 
hy •a.-.-a Hi tile as'SemDiy of wings, fuselages, liulls, floats, and so forti" 
Inese pincers are quite light and can be moved round the iob hx* 
single operator. •* - ^ 

There is no danger to the welding operator, for though the currer* 
run to several thousand amperes, the voltage is very small Thl 

electrodes are not therefore insulated. ' ‘ ^ ^ 

As spot welding gradually conies in use, a technique is slowly beinV 
built up. borne notes on the inspection of welds and on the desien of 
parts siutaine tor this kind of welding have appeared in an Americar 
joai-nai.- Marsrfmer suggested that X-ray methods and the mifro* 
scopic exaniination of sample welds did not constitute a satisfacton- 
metiiod o. inspejctiom He found a very definite relationship between 
.ue diameter oi the ••dimple” on the surface of the sheet, the weld* 
strength anu the weldmg amperage. Prom this he argues that for 
e.eetrode tips ot uiinorm shape, it is possible to predict the strentflh 
dia°ieter. The diameter is reduced if the 
a proportionately larger amperage is used 

of -We weld 

In «.-lding soft materials it is usual to find a slight buPe between 
::: " W' -- “-de too cfose to tiw ejge'lf 

. Lck> hi AiVniiW*’ thought to be bad unless there are 

-uggest.- that any difierent aluminium alloys may be 

iAeA-'t ^ the most satisfactory material 

. ‘ irr require less dressmg when used on it. A further 

, ... ..t A,cuid IS that the corrosion difficulty is largely 

seapiane-s. Amodized parts cannot be sktisfactoffiv 
, : anodic process be used after weldffik 

J -y-'-We .. ^ wished to prevent. If untreated Alclad can be 

afterwards. 

- _.noJd be gcod. Equally, heat treatment is not good after 

-X ^^arschner in Aero Digest, October and 

iairr* He— "and Carbon and Stainless 

\ Ill, X. . M, 29 West mii Street, Kew York! 
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spot welding. It does not strengthen the weld, and the salts which will 
mter the joints may cause corrosion. 

Just as riveting sliould never be used for joints in tension, so with 
jpot. welding. The joints must be so designed as to put the welds in 
shear. 

In order to hold the work together during the welding process a 
.mail number of rivets may be used. There should be one at each end 



Fig. 453. Duralumin Spar Welded by the Sciaey Method 


The treble thicknesses welded are — 

(i) 0-060". (ii) 0*039'. (iii) 0*039'. 

Total thickness 0*138'. 

{By courtesy of Soudeuses Electriques SciaJcy, S.A.) 

of a lap joint, and intermediate ones may be needed if the joint is a 
long one. Rivets may also be put in where an additional thickness is 
brought into a joint. 

Marschner goes on to suggest rules for weld spacing. 

If P = spacing of welds (tolerance i J in.) 
iiid t = average thickness of sheets 

{Note, The ratio of thickness sh<jiild not. be gi'catcr than 

3 : 1.) 

hen 

(i) for secondary structures, P = 0*3 in. -f 10^, but P should be 
between in. and 1 J in. ; 

(ii) for primary structures, the same spacing as given b^’ the 
formula for secondary structures may be used, but it should not be 
less than 0*25 in. + 3*3i ; 

(iii) for a lap joint, the distance from the centre line of the welds 

to the sheet edge should be at least -I in. = ; 

(iv) for unflanged reinforcing or edging strips where two or more 
rows of welds are used, the spacing should be 1 in. per row ; 

(v) for other cases, where there are two or more rows of welds, 
the spacing shoifld be about times the spacing between the rows, 
but not less than | in. nor greater than 1 J in. 
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3 3- TC^r.k of tuinge for a weided-on angle stiffeiier 

yild M-25In. -- *jt with an abiiolute minimum of fin. The 
-fa eL.iiJaa ---etf-n having >^heet welded to the web need 

exeited ; hi. 

Cither interesting suggestions are made by the same authority. Where 
a bos-] ike structure te- double bulkhead is being built up by attaehkg 
Lotii llamiTes of a channel section, the welding may be cIoup 
^ hauitane^'-iisly on braji flanges by one pair of electrodes. These ar^ 
Ir ought intr} contact with the opposit-e outer sides of the job. whiht 
1 grg) bet w*>m the flanges is filled with a ‘closely fitting block of coppr-i', 

whuli is slid along as the welding proceeds. 

In a esjinplicated structui*e requiring changes in both the electrical 
"‘s-ct-up'* and the niechanical ‘‘set-up’’ or jigging, it is found that 
! iiiie and Uioiiey may be saved by careful design. Changes in amperase^ 
weld time, and pressure are easily made on the tvelding machine b'ut 
clianges In Jigs are wasteM, and the design should be such that few 
fdiana^es er adjustments in the latter are needed. 


Heat Treaiuiext op DuRALumx 

Duralumiii differs so much in its physical characteristics from the 
other metals in everyday use that it is not to be expected that the same 
liiethods of working may be used. The designer must recognize this 
and suit his details to Ms material. 

In the norma! state it is too hard and insufficiently ductile to take 
any shaping. Yet it is our most valuable light alloy since suitable 
annealing and heat treatment provide the solution to most of the diffi- 
culties. These processes are liable to be expensive and should onlv be 
called in where the design cannot be efficiently simplified. There' are 
many eases where annealing could be dispensed with entirely. 

Duraliiinin is usually supplied in the hard heat-treated condition, 
in which state It \vUl develop its average full strength of 25 to 28 tons 
per square inch. For any work more intricate than the dr illin g of holes, 
simple machining, and the making of straight large radius bends, the 
material must be softened. It may be annealed, rendering it perman- 
ently scft, and on the completion of the work heat-treated to restore it 
w the normal state. 

In however, the amount of work to be done is smah and can be 
L^mpleted within about two hours, heat treating is sufficient. Advan- 
tage ;s taAeii of its property of age hardening spontaneously at room 
temperatures. Immediately after heat treatment and quenching, 
duralumin is almost as soft as if it had been annealed. It quickly 
begins to harden, and at the end of a day is nearly back to normal 
stren^h.^ The process of hardening, however, continues at a slower 
rate fee tnree or four days before the fuU strength is restored. 

^ Annealing and heat treatment may be carried out in either an 
electrically heated air chamber or in a nitrate bath, gas heated. The 
latter is the more suitable for commercial practices and usual for ah- 
emtt work, bub not so accurate as an electric furnace. The nitrate 
bath ^Consists of a welded or riveted mild steel tank of sufficient size 
to ^ake a batch of the largest sheets used. A battery of gas burners 
is placed along the bottom and sides of the tank below the level of the 
fused nitmte. Owing to the explosive properties of the nitrate when 
brought in contact with red-hot steel, the flame should never play on 
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ihe tank side above the level of the salt. The salt used is usually an 
mixture of sodium and potassium nitrates. 

A recording pyrometer must be provided, and the temperature 
checked againsf the times at which the different batches are put 
through* Tensile and Brinell tests on specimens should be made 
frequently. Immediately beside the nitrate tank must be placed a 
f^asiiing and quenching bath of the same size. It is convenient to have 
a light overhead runway with a hoist so that the hot material can 
he quickly transferred from one to the other. The bath should have 
fresh water passing through it constantly, for not only has it to quench 
the duralumin, but it also must wash away the nitrate, which would set 
op corrosion if left on. In many factories a second rinsing tank is pro- 
nded in addition to the quenching tank. The water used may be either 
hot or cold. If hot, the nitrate dissolves more easily, but the age- 
hiardening is accelerated. 

The articles to be treated should be suspended in steel frames or 
b^kets. They must not have contact with each other or with the sides 
of fehe tank. Annealing and heat treatment by parts is bad and should 
sever be allowed. Each piece must be completely immersed in the 
nitrate. It is sometimes an advantage to hold them suspended over the 
hot bath for a few minutes before lowering in so that all moisture may 
be evaporated. 

Heat treatment for temporary softening and ultimate complete 
restoration of strength should be carried out at a temperature of 
490° C. ± 10. The periods of soaking at this temperature suggested 
by the Air Ministry ^ are — 

Sheet and strip , , . .Not less than 15 min 

Rivets . . . , . . „ 15 „ 

Bar and thick sections . . , „ ,, 30 „ 

Heavy forgings and billets . . „ ,, 3 hr. 

These times are, of course, additional to the time taken to raise the 
articles to the required temperature. 

If the temperature is allowed to exceed 500° C., there is grave danger 
of burning and embrittling. The material must be quenched immedi- 
ately on leaving the salt bath. 

Annealing for permanent softening should be carried out at a tem- 
perature of 380° G. ib 10, and the material is not quenched, but allowed 
to cool oH in air. The strength is reduced from 26 tons to 16 tons per 
square inch, and age hardening does not occur. All annealed parts 
must, therefore, be restored to normal strength again by heat treatment 
to 480° C. and quenching. Annealing must only be regarded as a method 
of attaining sufficient pliability to work the material extensively. 

Some means of recognizing the exact state of aU metal in the work- 
shops should be adopted to distinguish between parts vrhich have been 
completely heat treated and those which have only been annealed. 
The charge-hand or inspector on the salt bath plant should be held 
responsible for stamping all annealed parts as such, and only deleting 
that marking when returned to him for heat treatment. Without this 
it is exceedingly difficult for the inspection and progress departments to 
keep track of all units, relying solely on the word of the workmen 
concerned. 

Finally, there are several precautions which must be taken with the 
^ Airworthiness Handbook, Inspection Leaflet 116. 
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E- .:.j=fiarri nitrate (saltpetre) is one of tlie principal 
' . ,1* -..'.Tder, and under certain conditions may be 

at a liigli temperature with organic matter 'sucb 
'i-' w 1 ^■• 1 , e*ike. Ml’, resin, etc., may result in an explosion. The nitrate 
m:t't hr rt tivtl in a dry place and not be put into the bath in a moist 
cV^naiti^ei. In startino- im a new bath the salt should be heaped on the 
h ^tt and i.cat applied gradually by the lower buimers only. When 
th-\jatn has nee!.*ahuwed to cool down and solidify, the reheating 
aSImu'cI doi.- gi'adiiiihy to prevent spluttering and violent cracking 


Tj'l-ofAlby 

ATinealins 

Solution Treatment 

Quench 1 

Ageing Treatment 

Quench 


fiotbrii. /: 

:i6C)* C. 

2hr=. 

530" C. 

water ; 

70® c. : 

15-20 liTS. 

170® C. 

water 
or air 


: 

l-S lir?. 

41^^ -i"— 500" C. 

water 

5 days 

natural hardening 

— 


* 4 : 

1-3 lifS. 
4&U"-5uO" C. 

water 

15-20 hrs. 
150®-170® C. 

water 
or air 


€. 

2 h-^s. 

SfFc. 

boiling ; 
water I 

5 days 

natural hardening 

— 


4 to 4 hr?. 
‘oCP- C. 

No hardening treatments. 


Jill 



— ; 

10-20 hrs. 

170® C. 

water 
or air 



2 hrs. 

510-520" C. 

boiling 

water 

5 days 

natural hardening 




hliV-SCa" C. 

boiling ! 
water 

15-20 hrs. 

170® C. 

water 



Electric 


Electric or Gas 


Bar.? 

liiifiie. 

3Iume. 


heated. 


. rnr . 7 

Bath 

Salt Bath 





« f 1 sunae^-. Thoiigii the same salt may be used continuously over a 
i‘ Hiz period, tiie tank should he cleaned out at intervals of a month. 

In factories where much aiiiiealing is done, it is good practice to 
nriiiitain a separate tank for the process. Time is not then wasted 
in lowering trie temperature of the normalizing tank to annealing heat- 
and then having to raise it again. It cannot be too strongly emphasized, 
however, that annealing should not be necessary. All parts sho-old be 
so designed that the working of them may be completed in soft period 
following full heat treatment. 

Aluniiiiiuin alloy rivets are not annealed since they cannot be heat 
treated after hammering in position. They are heat treated, quenched, 
and then used during the soft period. Thus they develop their fall 
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pjength on ageing. The rivets should be anodicaUy treated before 
ormalizing* 

The different heat treatments required by the various aluminium 
Soys have already been referred to in Chapter II. The tabled on pave 
u, gives some useful information. ^ ^ 

iprom The Metal Industry, 24th and 31st Jan., 7th Feb., 1935 Liaht Alim, 
•aSce, by H. G. Warrington. ^ 



CHAPTER VIII 

CORROSION 


u-.TiNG tn ‘Jif v.‘ry rapid advances which are being made in the science 
!.if aeronautic^, mactdues quickly become out of date, as not'onlv 
•I .-edit-r and ntoie eilicient, but also safer, craft are produced. ^Aircraft 
t lived, tiien, to be built to last for ever. In general engineerins 
a ..•.jrrosion margin is added to whatever scantling sizes are demanded 
iiy the strengtii requirement. According to J. McGovern, » this 
margin in shipbuilding amounts to as much as 10 to 15 per cent V 
the structure weight. It is fortunate that the aircraft designer ha? 
*.<■< make no such allowance, as an additional weight of that order would 
Sit Seriously cut down the performance of his machine. Against twentv 
iif more years of economic life in a ship we can at most set a quarter 
of that period for an aeroplane. To say this is not to implv that 
at-roplanes are like cheap cars, to be bought and scrapped at the’ year's 
end. The steps taken to counteract corrosion are rather in the form of 
protective coatings than in “margins” of size. ‘ 

In the future, however, as the rate of scientific advance slows down 
and so lengthens the period over which an aircraft can be economicallv 
operated, so wOl the corrosion question become increasingly important. 
Whether it will be solved, as now, by suitable protective agents or bv 
the use of non-corrodible steels, or even non-corrodible light alio vs 
remains to be ^en. The possibilities of materials like “Alclad” aluin- 
inium alloy, MG7, and beryllium alloy have already been mentioned 
The effect of corrosion is to reduce the strength of the member it 
affects. This reduction of strength may be taken under two headings. 

1. Reduction of size due to loss of material on the surface. In the 
.simple tension case, the strength goes down in proportion to the 
reduction of cross section area. 


2. Surface unevenness, local pitting and inter-crystalline corrosion 
reduce the fatigue range enormously. 

1 he first of these is of nauch less importance than the second. Vibra- 
tion, and consequently fatigue, occur in most of the structural members 
o. an aeropmne. They are particularly severe in the engine mounting 
.no estemai bmemg wires, and parts adjacent to these. Consequentlv 
jeiure tne reduction of area becomes important the effect of micro- 
r';’ fatigue range would have caused failure. In a 

;vg„-.viaiie steel tne fatigue range may be reduced to nearly one-half 
• ' . a surface scratch one or two-thousands of an inch deep. When inter- 
cij rtadme penetration occurs the possibiUties are even more serious. 

^ I'vraiumin is not a metal which corrodes excessively. But, nnlil-o 
Tr' on which takes place is not spread in visible layers 
rather to concentrate in spots and to foUow 
It shows itself as a white 
® corrosive agent with which 

of course, saltwater, particularly 
-1 marme ^raft. According to Dr. Aitchison,^ the most intense corrosion 


I Insi. E. db S., Vol. XLIII, Part. 7. 

.ursraxs Engineer Supplement to Flight, 24 th June, 1926 . 
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of duralumin takes place in a salt solution of one-sixth the strength of 
gea-water. He reminds one that when material is taken out of the salt 
bath during the heat treatment process it should he thoroughly washed 
before being erected. The same authority notes the difference in 
f^tance to corrosion between metal in the annealed condition and the 
final normalized and age-hardened state, the latter being the much 
] 2 iore resistant. In fact, the difference “is sufficient to make it possible 
to induce galvanic effects by placing metal in the two conditions 
together.’’ Pickworth^ has noted a similar condition in the corrosion 
of steel where the same metal is in two or more different states of tem- 
perature, internal strain, etc., in adjacent parts, with consequent 
different electrical potentials. A more dangerous association is that of 
different metals, and it is wise to have no fittings of steel, copper or 
brass together with duralumin in exposed positions, in marine work. 

Where steel must be used it should he either of one of the non- 
corrodihle varieties or else cadmium-coated, and there should be a layer 
of varnished fabric inserted to separate it from other metals. Cadmium 
coating, the process of which is described later, has proved most satis- 
factory, even in flying boats and seaplanes. But it cannot be used in 
parts subject to friction or wear which would remove the surface. In 
land machines, although the use of non-corrodible steels or cadmium 
coating is always preferable, stove enamelling or cellulose lacquer are 
usually a sufficient protection for steel. There is little to choose in 
efficiency between these two, and in first cost the one is more expensive 
in time and the other in material. 

Duralumin parts should always be anodically treated and coated 
with grease or lanoline. ChiU castings in Specifications L5 or L3S 
do not require this treatment owing to their hard, close-grained surface. 
“Alclad’’ alunainium alloy needs only to be treated anodically when 
subject to powerful corrosive agents. The pure aluminium surface is 
electro-negative to the alloy, and therefore, when the edges are exposed 
or the sheet is cut or drilled, inter-granular penetration does not take 
place or attack the aUoy centre. It is electrolytically directed to the 
aluminium, which is practically impervious. 

Protection of Aluminium and Aluminium Allots 

Anodic Treatment. Though it is usual in other countries to protect 
aluminium and its alloys from corrosion by suitable paints and var- 
nishes, an oxidation process which gives very good results has been 
developed in England. It is known as “Anodic Treatment, and is due 
to Bengough and Stuart. The patents are held by the Department of 
Scientific and Industrial Besearch. The process is an electrolytic one m 
which the part to be protected is made the anode. Chromic acid ib 
used as the electrolyte. Under the influence of the current in the 
presence of the electrolyte we get aJmninium oxide deposited as a fine 
adhering film on the surface of the metal. x * - 

Anodic treatment is the subject of special instructions by tne^- 
Ministry, 2 whose inspectors must approve the plant and make periodical 

tests of the electrolyte, etc. , 

The bath itself is a welded steel tank, along the top of whicii ran 
three brass tubes, one on the centre line and one towards each side. 
The centre tube carries the anode and the two outer ones t le ca lo e. 

1 Trans. N.JS.C. Inst. E. dr S., Voi. Part 7. 

2 Airworthiness Handbook, Inspection Leaflet No. S. 
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Tl- eatrxiip eurLsists of graphite plates suspended in the bath by steel 
V. r» - c-r straps which must ahmys jLiio'.'e the level of the liquid. 

At tee b?jtl-um of the tank is a coil through which steam or cold water 
!iiay passed to control tlie temperature. Some mechanical means of 
keepdtig ti:e ek-etrulyte in constant motion must be provided, and this 
may he aceomplisheti by iitting vanes operated by- an electric motor. A 
diai-recording thermometer must also be so fitted that it may be read 
I'-y l!a? operator. 

eh-'ctrolyte is a 3 per cent solution of chromic acid in pure water, 
-rably distilled. The local water supply may only be used if it is 
eertith/d to be free froni cUorides. The chromic acid content should not 
fall te:o%v 2 1 per cent, aiid losses of water should be made good from a 
pure supply. The composition of the electrolyse should he the subject 

fivquent 

Anodic treatment cannot satisfactorily be applied to parts already 
river*!**!! or fastened together, and, as in heat treatment, each small 
item mu.st dealt with separately. If the part has been passed through 
aiinealing or normalizing processes, it must be cleaned from all traces 
(){ nitrates. In any case it should be washed in both petrol and hot 
water befon;* anodizing. Parts are tlien hung by means of duralumin 
clips from tlie centre tube. If possible they should be totally immersed 
in the electrolyte, but the operation may' be satisfactorily carried out 
in twi> steps w'ith a slight overlap of The anodic surface in large sheets. 
Siiice the ozide is a non-conductor, the clips should have sharp enough 
poirds to penetrate the surface which has already been treated, if the 
operatluii is a double one. Where the size of the part makes it possible, 
several clips should be used in order to secure a more uniform dis- 
tribution. When the parts are immersed, the electrolyse should be at 
a temperature of 40" C. ^ 4", and this must be maintained throughout 
the operation. Though it may be necessary to warm up the bath to 
this temperature before beginning, sufficient heat will be generated to 
maintain it. If the bath exceeds 44° C., cooling water should be 
I'.issed througli the coil at the bottom. The agitation of the electrolyte 
sfc valJ be coainienced at the beginning so that no bubbles shall form'on 
the surface of the metal. The effect of such bubbles will be to create 
spots and pitting of the material. 

A current of 4 amperes per square foot of surface should be employed. 
By surface is meant both sides of a sheet or angle. The voltage must 
be accurately recorded. Starting at zero, it should be increased 
iiruformly to 40 volts in the first 15 min., and maintained at that for 
the next S5 min. It must then be increased to 50 volts in 5 min. and 
he'd at that for the last 5 min. An hour is thus spent on the entire 
process of surfacing. The parts must then be thoroughly washed in hot 
water to remove the chromic acid. The subsequent drying may be done 
in sawdust. 

^ The anodic surface thus formed is very thin and of an almost chalky, 
absorbent consistency. This provides a reliable test of its quality. If 
an indelible pencil mark is made on it, one should not be able to wipe 

out the mark with a damp cloth. 

\ arious precautions are necessary in dealing with such a strong 
corrosive as chromic acid. Those operating the plant should wear 
riiijber gloves. A hood may be necessary over the tank to carry away 
the fames, and the level of the electroly'te should be kept down so 

that spray will not jump the edge. 
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j^lier Treatment of Duralumin. Parts which are not subjected to 
extreme marine or corrosive influences are usually rubbed over with 
lanoline on top of the anodic surface. More protection is desirable for 
aving boat hulls and seaplane floats. After being drilled, cut to size 
gild finished to shape, shell plates should be anodized and given one or 
^0 undercoats of oil primer before being riveted in position. A paint 
aim will thus be formed in the seams, which may also have an insert of 
fabric or caulking cotton. When dry the final coats of cellulose lacquer 
or oil varnish may be applied. An aluminium-cellulose lacquer has been 
found particularly suitable for hulls, giving them some protection 
against even marine growths. 

Where steel fittings are mounted on a duralumin hull structure a 
piece of fabric impregnated with bakelite varnish should be inserted 
between the two materials. 

Pjrotection of Steel 

Cadmium-coating. Of all the processes suggested at one time or 
another for the corrosion protection of steel, the electro-deposition of 
cadmium is now the most used in aircraft work. It lacks the high finisti 
of chromium or nickel, but is more serviceable and does not peel. The 
surface which it gives is a grey “matt” one, and it is usual to finish with 
enamelling as an additional precaution. 

In seaplane and flying boat work, where the corrosive agents are 
the most severe which the aircraft constructor has to face, cadmium- 
coating is still most useful and gives a protection almost equal in 
quality to stainless steel. It may well be used for internal fittings and 
parts removed from spray. The limitations of cadmium-coating must, 
however, be understood. It is only a coating and does not produce a 
homogeneous material. Parts, therefore, which are liable to be worn 
or bolt heads which may be scratched severely by a spanner should be 
of stainless steel in marine aircraft. In British factories the plant and 
materials are subject to approval and periodical inspection by the Air 
Ministry. 

The process is carried out after all work and heat treatment of the 
part is completed. It must be thoroughly cleansed of rust and grease 
by an approved method such as sand blasting, caustic bath or scratch- 
brushing. Acid pickling is not suitable. 

The part is made the cathode in an electrolyte consisting of cadmium 
and potassium cyanides dissolved in water. The anode is cast cadmium 
plates or rods. The current should be 10 amperes per square foot of 
surface to be protected and the voltage 3 to 6. The bath should be 
kept in circulation by methods similar to those used in the anodic 
treatment of duralumin in order that the coating shall he even. The 
current must be under close control and the process carried out not too 
rapidly, or the coating will be porous. The work must be completed 
in one dip. 

The part is then removed and well washed in cold water, alter which 
it is heated to a temperature of 100° 0. to 200° C. for half an hour to 
remove brittleness. 

When large or highly stressed parts are being treated, a test piece 
should be put through at the same time and tested for embrittlement. 

The Air Ministry regulations^ state that the coating must be nowhere 
iess than 0*0003 in. thick. In bolts and similar fitted parts the increase 
1 Airworthiness Bandboole, Inspection Leaflet Ko. 53. 
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;n dmmet^r may be of the order of 0*001 in., and where tight limits 
being work^-d to this should be noted. 

In this, as in all such similar processes, extreme cleanliness is am 
-s^-rential factor in successful results. The part must be clean before 
treatment, and all traces of the cyanides removed afterwards. 

Tiie process has been applied to components as large as a complete 
tveided-up engine mounting in one dip. 

Hot Diifusion. The hot diffusion method of protection is better known 
by the names of '‘Sherardizing” or the “ D. N. Process.” 

' The protection is given by heating the parts in a closed atmosphere 
In the presence of zinc oxide and finely divided zinc dust. The process 
lasts several hours and results in giving the steel a coating of metallic 
zinc which is diffused into the surface. It has a particular use for parts 
which by reason of cavities, holes, etc., may not be suitable for electro- 
lytic treatment. The coating may vary in thickness unless the work is 
in movement continuously, and the results are not considered to be as 
gocMi m those obtaioed in zinc or cadmium coating process.’^ A particu- 
lar form of sherardizing, known as ‘‘Freezing, ” is employed by Boulton 
A f^ul, in which the thickness of the coating can be controlled within 
limits of *0003 to *0005 of an inch. 

Stove Enameiling. Stove enamelling is the most popular process for 
the protection of steel fittings and structures. It may be applied to 
anything from a small fitting to a whole wing, provided that the plant is 
big enough, and it is frequently used on top of a cadmium coating, 
for seanlanes. 

The parrs are de-scalc-d, preferably by pickling, though sand blasting 
is often used. After pickling the work must be cleaned with some 
evaporative solvent and oven dried. The enamel (D.T.D. 56A) is then 
applied by dipping, surplus enamel allowed to drain off, and the parts 
are stoved. The stoving promotes adhesion and dries out any lurking 
moisture. 

0eili2lose Enamels. The use of cellulose enamels (D.T.D. 63) has 
spread considerably in recent years. The result may not be quite as 
satisfactory as that given by stove enamel, but it is simple and quick. 
It further allows a wide range of pigments. The usual method of 
application is spraying. Brushing or dipping may be used. An iinder- 
coating is usually given to improve adhesion on steel or on the anodicaUy 
treated exterior surfaces of duralumin hulls and floats. It is important 
that the work be degreased, particularly as no heat, which might dry 
it, is employed. Any moisture or traces of rust, scale, etc., will prevent 
the enamel *‘taidiig” on the true surface of the metal, and though a 
covering film may form it wiU not adhere long in service. Cellulose 
enamels are made under various trade names, and in cases of difficulty 
the manufacturei^ may be called upon to advise. 

Treatment of Exhaust Manifolds, etc. A great deal of difficulty has 
been found in protecting exhaust pipes and manifolds owing to tlie 
combination of heat and corroding media. 

Experiments have been made^ with high-chromium stainless steel for 
this purpose, but it has not proved equal to a low-carbon steel protected 
by such methods as fescoiizing, calorizing, aluminium spraying or 
dipping. 

January, 1932, “Protection of Metal Parts of Aircraft Against 

i button. 


^Ihid. 
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Fescolizing is a process for the electro-deposition of nickel. 

Calorizing is similar in principle to Sherardizing, but the powder used 
is a mixture of aluminium dust, alumina, and ammonium chloride. As 
ahigb temperature, 680° C.,is used, the method should only be applied 
to such steels as will be unaffected by this heat. A layer of aluminium 
is deposited which merges into and alloys with the steel, forming a 



Fig. 454. Metal Spraying Process 
{By courtesy of "'Aircraft Production'’ and Metal Sprayers Ltd.) 


satisfactory non-scaling surface. The dipping and spraying processes 
have also been tried. 

Metal Spraying. The metal spraying process has developed coiisidei- 
ably in recent years and is now approved for certain types of aircraft 
work under Air Ministry D.T.B. Specifications Nos. 906 and 907. 

The purpose of the process is to deposit a coating of metal on. the 
surface of some article which itself may be metal or wood, fabric, etc. 
Any metal may be used for spraying wfiich can be provided in wire 
form, or which may melt in an oxy-hydrogen flame. The metal to be 
sprayed is fed in the form of a wire through a pistol in w hich it is melted 
and atomized. 

Fig. 454 shows the process in use and the form of the pistol may be 
seen clearly. 

The wire may be from 1 to 2 mm. diameter, the larger size being used 
when the metal has a low melting-point. It is fed through the pistol 
automatically at a speed appropriate to its melting-point and the work 
in hand. As the wire passes into the pistol it is melted in a blow lamp 
flame, round which is a cone of compressed air fed through another lead. 
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'L*^ metal as' it leaves tiie nozzle and tlirtnv.s it 

'r iL a >pi-ay at high velocity. The air rapidly absorbs Ihr. 

/ fi-i?;. A-ii' , 5 tM:id 2 -d metal so that it is only slightly warm by 
it i' 1 hi. away lunii the nuzzle. 

Ti.e pistol is held so that the spray impinges at right angles on the 
-uf::/‘v'^\v.Lieii has to be coated. 

’this -m-ha-s* n.iist have been tliorougldy cleaned and he absolutely 
fsiua or givase. The Air Ministry requires that it shall be 

0!.-pan-J bL:i>ting wi.h steel grit, and the operators haiidiing the 
suiihcs* iiiust wear rubber gloves. The spraying must be'done 
.4 h‘v; lairi^ro'S after tiie blasting. One gr-eat advantage of this process 
i- that it can be applietl to articles of any dimensions free from the 
re.-trictiMn of sizes of baths, stoves, and so forth. There is no heat dis- 
r^U'tion in the process, and it can, therefore, be applied to thin walled 

cuiupi riients. 

A spc-eial form of metal spraying knoym as “'aluminizing” is used for 
♦•shaust pipes and other parts subjected to high temperatures. An aln- 
miiilum ca>atmg is sprayed on to the component and it is then covered 
with a bitaihmous paint followed by heat treatment in a muffle furnace 
at C. The efiect is to alloy the inner layers of the alxmiinium 
witli the steel, and form a solution of the one in the other. The outer 
layer consists of a thin coating of aluminium oxide. When the whole 
8jf the component has been raised to 800® C. it is removed from the 
fiiinace and allowed to cool. If the shape of the part is such as to cause 
dbt union, it should be mounted in a jig whilst cooling. Afterwards it 
IS brushed witli steel wire brushes gmng the surface an even silvery 
appearance. The thickness of the coating, according to Air 3Iinistry 
rr-;.p.ilrem.ents, should be uniform, and not less than 0-007 in. 


FHOTECTIOX of 3lAGNESIUiI AND MAGNESIUM ALLOYS 

Chromating Process. The surface must first be prepared. Parts which 
have been machined to fine limits should be boiled for J hr. in 2 per 
cent caustic soda solution. Parts which have not been machined to 
rine limits should be dipped for a quarter of a minute in 10 per cent 
liitrie acid and washed. The final machining may then be carried out 
and t!;t* Work immersed in 2 per cent caustic soda solution. 

T;.f ehrumating process which follows this preparation consists of 
g-Uifly bulling the parts for 0 hours in a solution made as follows. Highly 
rated si-dations of potassium alum and caustic soda are mixed, 
is tms is aUded a concentrated solution of potassium dichromate so 
tiuit the iLna! strength is — 


Potassium alum 
Caustic soda 
Potassium dicliromate 
Water . 


I per cent 

4 

14 

the rest. 


Losses by evaporation on boiling should be made good. 

A film IS formed which should be further protected by two under 
coatmgs of metal primer followed by a coat of cellulose lacquer all 
sprayx-d on. Six hours should be allowed for drying between the coats 
ot primer and then 4 hours before the final lacquering. 

This process is satisfactory for aeroplanes operating under dry 
esjEditions, but niagnesium alloys should not be used for marine aircraft. 
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Selenium Process. The Selemum Process, developed by Beiigougli 
and Whitby at the Chemical Research Laboratory, Teddington, gives 
a surface protection to elektron alloys. It makes an excellent base for 
paint and should perhaps be regarded in that light. 

For the alloys covered by D.T.D. Spectacations 59A, SSB, 127A, 
the parts should be cleaned and im m ersed for 5 min. at room tem- 
perature in a solution of 10 per cent selenium dioxide in water contain- 
ing 0*5 per cent sodium chloride. D.T.B, 136A should be immersed for 
15 min. The parts should then be well washed and dried at 100'-^ C. 
or with porous material. 

For the alloys covered by D.T.D. Specifications 118, 140, and 142, 
the parts after cleaning should be immersed for 15 inin. in an aqueous 
solution of 2 per cent sodium selenite, containing 6 c.c.s of ortho- 
phosphoric acid per litre at ordinary room temperature. After treat- 
ment the parts are removed and allowed to drain until dry, which 
leaves a smooth reddish brown film. 

An alternative treatment for D.T.D. 118, 140, and 142 is as follows. 
The parts are i m m ersed for 30 sec. in a 1 per cent solution of chromic 
acid at‘90° 0. ; washed and immersed in a 10 per cent aqueous selenium 
dioxide solution at room temperature for SO to 60 sec. Before applying 
paint, all traces of soluble matter must be washed from the film, and 
it must be thoroughly dry. It is recommended that a priming coat of 
zinc chromate pigmented tung oil-base paint be used, followed by a 
top coat of aluminium pigmqnted cellulose lacquer. 

These processes for the protection of elektron are all patented and 
the advice of Messrs. F. A. Hughes & Co., Ltd., Abbey House, Baker 
Street, London, N.W.l, should he sought. 

Prettage Corrosion 

While the corrosion which has so far been considered in this chapter 
has been associated with atmospheric efifeci-s, there is another form of 
corrosion which occurs between tight fitting metal parts. This is 
known as frettage corrosion and is in no way connected with external 
conditions. The parts may be completely dry or even coated with oil 
or grease, but after a time, if made of steel, they show' a rust-coloured 
dust, or mud if oil is present. This form of corrosion only occurs when 
one of the parts is of metal and w^hen there is vibration. The vibration 
causes a very slight movement between the parts, even though they 
are tight fitting. Hard and stainless steels appear to be more subject 
to the trouble than soft materials, and brass is particularly subject 
to it if in association with steel. 

This is now being investigated systematically at the National Physical 
Laboratory, but no final report has so far been issued. Whilst it is a 
trouble which is more likely to occur on aero engines it has been f ound 
in certain parts of the airframe and airscrewq particularly where ball 
bearings have been used under conditions of vibration. 



CHAPTER IX 

RIVETING 


Solid Ei?ets. Rivets provide one of the best methods of fastening two 
narts : ■-rrnrir: .^nt!v. They will, iiowever, only cawy their load 

iii shear. Any : .■nA ‘-he heads tends to burst them apart, loading 
iLeni iii a way ti.ey are iil-fltted to stand. 



Fig. 455 shows a use of rivets which is bad. Under strain, the shackle 
will only be prevented from opening by the stiffness of the material and 
by pulling against the rivet heads. The result may be as illustrated in 
Fig. I5i;. Had the shackle been designed as in Fig. 457, though not 



Fig. 45S Fig. 459 


|.>€rfeet. it would have been much better, and its tendency to straighten 
t>iit would have been less. This simple and perhaps painfully obvious 
*'xaiiiple serves as an introduction. The more complicated cases of 
rivet head tension, caused, perhaps, by drumming or vibration of a 

■■ . . 4 ^- 


I 

Fig. 460 

-tr net lire, may not become so obvious until failure occurs, but the 
l-'i.-siLilitv should always be present in the designer’s mind. 

A firther esample is in the popular single lap (see Fig. 458), which 
teiias to alter to tne lorm shown in Fig. 459. Here the number of 





Fig. 46! 



Fig. 462 Fig. 463 


rivets, as in allying boat hull seam, may be sufficient to ensure that the 
tension on each is minute. The double strap form of joint completely 
removes the possibility {Fig, 460). Many types and shapes of rivets 
known to engineering, from the square-headed tap rivet to the 
big taper-shank pan head rivet. The two in most common use on 
aircraft structiires are the snap-head (Fig. 461) and the countersunk 
I Figs. 462 and 463). The snap-head is made in all sizes from in. 
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diameter upwards, but the countersunk rivet cannot be used in plates 
.if less than 20 s.w.g., and consequently it is not found in general 
nr&ctice below i in. diameter. 

^ The standard sizes of heads and the length of shank which must be 
allowed for forming them are here tabulated. 


Table I 


j1[ 

D — ^ 

T 








U-D 


DIA. 



Diameter 

Snap-head 

COUNTEESUNK ! 

Head 

D 

T 

R 

Length 
to form 1 
Head 

D ! 

1 

1 

T 

Length 
i to form 
: Head 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

; in. 

1... 

0*11 

0*04 ! 

0-06 

0-09 

0-10 

0-03 

' 0-03 


0*16 

0-06 

0-09 

0-12 

0-15 

0-04 1 

' 0-05 

i 

0-22 

O-OS 

0-12 

0-16 

0-20 

0-05 i 

U 06 


0 27 

0-09 

0-15 i 

0-19 

0-25 ! 

0*06 

(i-OS 

t 

0-32 

0-11 

0-17 

0-23 

0-30 1 

0-08 

0-09 

1 

0-44 

0-15 

0-23 ! 

0-31 

0*40 i 

0-10 : 

0-13 


0'55 

0-19 

0-29 

0-39 

0-50 

0-13 

0-16 

f 

0-65 

0-22 

0-35 

0-47 

0-60 1 

1 

0-15 i 

0-19 


The “Length to form Head” is, of course, the length of shank 
standing proud of the plate surface when the rivet is inserted in its 
hole. The total length of rivet required is this dimension plus the 
thickness of material through which it passes. 

The forming and holding-up tools require a certain space bigger than 
the head diameter, and when the rivet is used close to the flange of an 
angle allowance must be made. Table JI gives average allowances, but 
the conditions vary according to the type of tool used. 


Table II 



Rivet Shank Diameter 


Dimension “A” 


f 


in. 

0'13 

0-17 

0-21 

0*24 

0*28 

0'36 

0-44 

O-oS 
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Ri\i3t Strengths 

TLe shear strength of a rivet is given by its cross-sectional area of 
shank multiplied by the maximum permissible shear stress of the 
material — i.e. 

7z X 


Ite bearing strength in a plate is given by the thickness of plate t 
multiplied by the diameter of shank d and the maximum permissible 
bearing stress of the material — ^i.e. t X d X f^. 

Assuming biiat both rivet and plate are of the same or similar materials^ 
we get a relation between these two strengths such that if made equal 

— i-p- 

7t X d^ 

^ ^ /s — t X d X 


— the collapse will be simultaneous. This gives us the most economical 
size of rivet for any given thickness of plate. In duralumin, taking 


fg — 16 tons per sq. in. 


and = 32 


Tt X d^ X 16 
4 


== i X d X 32 


12-56 = 32 id 


12-56 d = 32 ^ 


d — 2*00 


Similarly in mild steel, where 

/, = IS tons per sq. in. 
and = 38 „ „ 

we get d — 2-69 L 


In stainless steel rivets (D.T.D. 161.) 

d = 3-19 L 


and in high-tensile steel 


d = 3-18 t 


From thi& it appeals that the most economical size of rivet is approxi- 
^^^ly tliree times the thickness of the plate through which it passes. 
Tins ideal condition cannot be observed in practice, particularly where 
^veral different thicknesses are used in making up a part or fitting. 
The appropriate siz^ may be tabulated as follows — 
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Table IU 

m 

Thickness of Plate 

Diameter of Rivet 

Aluminium Alloy and Mild 
Steel 

Stainless and High Tensile 
Steel 

22 s.w.g. 

in. 

a\i 

in. 

20 

^3 

i 

18 

i 


16 

32 


14 „ 


t 

12 „ 

i 


10 „ 

fe 

fi. 


It will be noticed that thicknesses below 22 s.w.g. have not been 
considered. Tests have shown^ that the relationship breaks down. 
This is an important point, as a very considerable amount of aircraft 
riveting is done in structures such as strip steel spars, which are 
frequently in thicknesses down to 28 s.w.g. Eadcliffe is led to the 
conclusion that the bearing strength of the rivet need not be con- 
sidered in these cases, the criteria of strength being the shear value 
of the rivet and the bearing and buckling values of the plate. This 
being so, he concludes that rivets in single shear are more efficient than 
those in double shear. He tabulates a number of tests on both single 
and double shear joints, which may be of assistance to designers. 
Until more data are in existence, the strengths of riveted joints in 
thin materials should be made the subject of tests in all critical cases. 
Buckling of the material round the rivet is a factor which defies calcula- 
tion, as it varies according to the local conditions. 

The following Strength Tables give the values of the most usual 
rivet sizes in plate thicknesses from 22 s.w.g. to S s.w.g. Extreme cases, 
such as yV io.* diameter rivet in 10 s.w.g. and J in. diameter rivet in 
22 s.w.g., have been missed as unlikely to occur in practice. 

In fittings where only one or two rivets are used, these figures should 
be reduced by 30 per cent. 


Tabue ly. Single Shear Stbengths 
Note. For double shear multiply these values by 


Diameter 

! 

Cross 

Section 

Area 

Aluminium 

Alloy, 

L37 

/„ = 35,850 
ub./sq. in. 

Mild Steel and 
Stainless Steel, 
D.T.D. 161 
f. = 40,320 ; 

■^ib./sq. in. 1 
i 

High Tensile 
Steel 

/ 74,000 

^ lb. /sq. m. 

in. 

sq. in. 

lb. 

lb. ! 

lb. 

T.t 

0-0031 

Ill 

125 

230 

:i2 

0-0069 

247 

278 

510 

i 

0-0123 

441 

495 

910 

rib 

0-0192 

689 

775 

1,420 

. 3 . 

0-0276 

990 

1,112 

2,040 

T 

0-0491 

1,760 

1,975 

3.630 

ia 

0-0767 

2,750 

3,090 

5,670 

i 

0-1104 

3,960 

4,450 

1 

S,175 


‘ See Journal R.Ae.S., November, 1930, Radclifie, p. 954. 
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Bearmg Strengtlis of Rivets in Plates above 0.022 in. (24 s.w.g.) 

Table V. Alumixiilm Alloy, Spec. 1^.3 
/g = 70,000 Ib,/sq. in. 


Dlsm. 

22 s.w.g. 

20 s.w.g. 

IS s.w.g. 

16s.w’.g. 

14 S.w.g. 

1 12 s.w.g 

. ; 10 S.w.g. 8 S.W <:’■ 

of 

Elvei: 

0‘02S ill. 

0-036 in. 

0-048 in. 

[ 0-064 in. 

0-080 in. 

[ 0-104 in 

{ 0-12Sm. o-ibo’S 


122 

157 

210 


Greater than double shear 

S;: 

183 

236 

315 

420 


values 

of aluminium 

i 

245 

315 

420 

560 

700 


_ alloy rivets 


307 

395 

525 

700 

875 

1,137 


It; 

3G8 

474 

630 

S40 

1,050 

1,365 

1,682 

S 

- 

630 

S40 

1,120 

1,400 

1,820 

2,240 i 2,800 

1^- 

— 


1,050 

1,400 

1,750 

2,275 

2,800 1 3,500 

1 




1,660 

2,100 

2,730 

3,360 i 4,200 


Table XI . Mild Steel (S3) .and Stainless Steel (S85) 





4 

= 100,000 lb. 




Dlam. 

of 

Eivet 

22 s.w,g. 
0-1128 IR. 

20 s.w.g. 
0-036 in. 

IS S.w.g. 
0-G4Sin. 

16 s.w.g. 
0-064 in. 

14 s.w.g. 
O-OSO in. 

12 s.w.g. 
0-104 in. 

10 s-w-.g. 
0-128 in. 

3 s.w.g. 
0-169 in. 


175 

225 



Greater than double shear 



262 

337 

450 



values of M.S. and 


i 

35D 

45J 

600 

SOO 

1,000 


S.S. rivets 


43S 

563 

750 

1,000 

1,250 





525 

676 

9*00 

1,200 

1,500 

1,950 



i 


900 

1,200 

1,600 

2,000 

2,600 

3,200 

4,00u 

ili 

— 

— 

1,500 

2,000 

2,500 

3,250 

4,000 

5,000 

i 

— 


— 

2,400 

3,000 

3,900 

4,800 

6,000 


Table VII. 

3 FEE CENT XiCKIEL SteEL ShEET (S4) 

4 = 161,000 lb. 


D.an:. 

0f 


20 s.w.g. 
o*u36ia. 

lSs.w,g. 

^ u-045m. 

16 s.w.g. 
0-064 in. 

14 s.w.g. 
0-080 in. 

12 s.w.g. 
0-104 in. 

10 S.WEg. 
0-128 in. 

8 s.w.g. 
0-160 in. 

ie 

282 

362 

4S4 


Greater than double shear 


A 

421 

543 

725 

965 


values of H.T. 


i 

563 

724 

965 

1,287 

1,610 


rivets 


A 

705 

me 

1,208 

1,610 

2,015 

2,620 



ft 

845 

2,089 

1,450 

1,930 

2,415 

3,140 

3,865 



— 

1,448 

1,930 

2,580 

3,220 

4,180 

5,150 

6,440 

A : 

— 

— 

2,415 

3,220 

4,025 

5,230 

6,440 

8,050 

^ i 

i 

— 



3,860 

4,830 

6,280 

7.730 

9,660 
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These are the most usual materials for aircraft fittings Parts ma< 
pother specifications may be Interpolated. Stainless steel sheet i 
specification D.T.D. 60 B. is stronger than the material of S.S. rive 
Specification D.T.D. 161. Table VI should, therefore, be used 
Design of Joints. The design of riveted joints is simple and is sly- 
B most textbooks on Applied Mechanics. 

The method of stressing a joint where the loading is eccentric is i 
frequently explained, yet such joints are very usup^ — 



I 

3 


itractures. (Students should consult Strength of Materials, J. Case, 
932, p. 68, for a full treatment.) ^ 

Imagine a riveted fitting resisting a load of 1000 lb. acting eccen- 
rically on the fitting. 

Then each rivet is under the action of two shearing forces. 

1. Direct and equal to 15^52 = 167 lb. 

No. of rivets 

2. Eesisting the turning moment, 1000 X 5 lb. in. where 5 in. is the 
)erpendicular distance between the line of the load and the centroid 
)f the group of rivet holes. The fitting will tend to turn about this 
>oint, and each rivet will resist the turning moment by a force propor- 
ional to its distance from the centroid. 

The total load on any rivet is the vector sum of 1 and 2. The cen- 
roid will be seen by inspection of Fig. 464 to lie at the position marked 
T, The distance, y, of G from the rivets A, B, E, and F is 1*95 in. 
md the distance of C and D is 1*25 in. 

To find the shearing force on any rivet due to this turning moment, 
livide the moment by the sum of the distance squared of each rivet 
rom G and multiply by the distance of the particular rivet considered 
rom G, i.e. 

Shearing Force due to turning moment on rivet A 



X Va 


^ See also “ Practical Aircraft Stress Analysis,” D. R. Adams (Pitman 
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z^jucturctl Engineers,^ Se-pt. 1933) allows the resultant load on the most 
n^avily-loaded rivet to be found at once. The loads due to the moment 
"5t afc right angles to the lines joining each rivet to the centroid, G, 
resultant loads, represented by the diagonals of the parallelograms, 
at right angles to lines joining each rivet to a point O. This lies on 
Tline passing through G, normal to the line of the applied load and on 
Reside of G remote from it. 



Where Ey^ = the sum of the squares of the distances of the 
rivets from G. 


iV = No. of rivets. 


I = eccentricity of applied load. 

hen the most highly-stressed rivet is the one farthest from O, and the 

resultant total load is multiplied by the distance of the rivet from 

0, where W is the externally applied load. 

Repeating the above numerical example — 


OG 


18*375 
6 X 5 


•6125 in. 


Wl 1000 X 5 
Ey^ ~ 18*375 


: 272 . 
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The rivets B and F are the most distant from O, and tiie distance 
scales 2*40 in. The total resultant load on these is, therefore— 

653 lb. 

it wiE be seen that this method is much quicker and the result accurate. 

Spacing o! Bivets. In flying boat and seaplane work, keel and keelson 
butts and laps should be treble riveted, whilst shell plate edges, floor 
plates and frame web laps should be double. In monocoque fuselages, 
sigle riveting is usual. When speaking of double and treble riveting it 
is ^suined that “chain riveting” is meant. Keeled” riveting is con- 
fined*' to the flanges of angles, channel stiffeners, etc., where the width of 
material cramps the pitching. The definitions of the above terms will 
he dear from Fig. 467 . 



Slj^tElAPORSEAM. BOUBLE LAPORSEAM. TREBLE LAP O.? SEAM 

CHAIN RIVETED. CHAIN RIVETED. 



DOU&LS RIVETED REELED RiVETlNG . 

DOU SLE STRAP. 


Fig. 467 

In a small fitting or clip the question of spacing the rivets will be 
decided by the design of the detail as a whole. In general, however, 
it may be said that no rivet should be nearer the edge of a plate than 
twice its diameter, and the minimum distance between rivets should be 
three diameters. 

In metal spars, fuselages and seaplane floats and hulls, general rules 
may be laid down to cover most cases. In the long lines of rivets used 
in these structures a spacing of eight diameters is usual except where 
watertight ness is necessary. For hulls and floats a pitch of four dia- 
meters should be used in all shell seams, attachments of frames and 
stringers to the shell, and such important structural members as keel 
and keelson butts, floor plates, etc. 

The above ruling of two diameters between centre of rivet and edge 
of plate should be observed, and where double and treble lines of rivets 
are used, a spacing of three diameters should be allowed between 

centres of lines. 

Where single straps are t^d on one side of the joint only, they are 
made of material of the same thickness as the parts they join, or of 
one gauge thicker. Double straps, one on each side of the joint, are 
made of the next size above half the thickness of the parts they join. 

For iai^e scale riveting, such as that on flying boat hulls, Table III 
of appropriate diameters for given thicknesses of material may be 
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simplified, and is given here together with lap and strap widths, in 
ccordance with the rules just stated. 


Table VIII 


Xiiickness 
of Plating 

Diameter 
of E-ivet 

Width of Lap 

Width op Strap 

Single 

Double 

Tl’reble 

Single 

Double 

Treble 


in. 

in. 

in. 

in. 

in. 

in. 

in. 

U 


0*75 

1-35 

1-90 

1*50 

2-65 

3-75 

16 


0*65 

1-10 

I'oO 

1-25 

2-<-| 1 

3-15 

18-20 

i ^ 

0-50 1 

0-90 

1-25 

1 

i 

l-7o \ 

2*50 


Precautions and Workshop Practice. The effect of hammering up a 
rivet head is felt not only on the head itself, but also on the plate 




Fig. 469 


immediately round the rivet. At each point the plate is stretched very 
j slightly. In long rows this stretching becomes quite appreciable, and 
^ sufficient to cause “wind” in a spar or built-up strut. On a hull or 
? fuselage it will cockle the plate along the length of the lap. The trouble 
can be prevented. A spar should be bolted up with service bolts at 
every fourth hole along all its flanges before the first rivet is put in. 
i washer should be put on each side of the plate to protect the anodic 
dim. The rivets should then be inserted in the intermediate holes, 
starting from the ends and middle simultaneously in all flanges. Simi- 
larly, in a hull or fuselage the plate should be bolted in position at every 
fourth hole, and the riveting should not “grow” round the edge from 
one point alone. The more it is spread about within practical limits, the 
better. If the lap is arranged near a longitudinal stringer, the stiffness 
of this will prevent undue cockling and the resultant dr ummi ng of the 
plate. A similar precaution is to swage the plate edges (Fig. 468). Where 
corrugated sheet is used, this, of course, occurs automatically. 

The question of badly-formed rivet heads is frequently raised by 
inspectors, who are countered by “knowing” foremen claiming that 
since rivets are only used in shear the head shape is immaterial- Whilst 
this is to some extent true, it does not go the whole way. A half-formed 
head (Fig. 469) indicates that inefficient or insufficient hammering has 
been applied to it, with the result that the shank of the rivet is not 
properly expanded and pressed home into its hole.^ 

See AirwortUness Handbook, A.P.1208, Inspection Leaflet 24, for inspection of 
nVeting. 
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Har..i rivet i!ig is expensive and often unsatisfactory. There is more 
1 , -i-il-iiitv of slamage to tlie surrounding plate, and the heads are 
iH>or, Pneumatic riveting is satisfactory when carefuliv 
;arri.-.i out / The tool is of the kind used in shipyards for light caulking. 
Blit the best workmanship is obtained from a single pressure tool. 

Tii«' saving in time which is given by the use of a pneumatic riveter 
in Fig. 470 . This diagram, which is developed from Pleines’ 
riwtirig iiiethods in the Journal of the Royal Aeroyiautiml 

/Steel Rivets 



September, 193S, is the result of a systematic comparison made 
m Viei'many, It shows that the time required for pneumatic riveting 
is only a fraction of that required for hand riveting. Since the cost of 
liveting is very considerable particularly with modern forms of stressed 
•‘kin eonstraetion this saving is most important. 

Pleines points out that where pneumatic riveting is used, the weight 
i f the hammer is most important. The proportion of percussive power 
» -f the haiiuner to the size of the doily must be right for the diameter of 
rivet. It is uneconomic to use light pneumatic hammers giving a 
number of blows for driving heavy rivets, as they tend to peen 
without upsetting the shank. Consequently the shank end 
uiaiergoes a local increase in hardness causing cracks in the head, and 
later shearing of the head in quite low static loads. Pleinea suggests 
that the time taken in seconds to form the head should be less than the 
diameter of the rivet in millimetres ; in English units this means that the 
time in, seconds should be little more than the diameter of the rivet in 
iitl td an inch, using iiiultiblow pneumatic hammers. He farther 
.-uggests that the doUy for driving duralumin rivets should not be less 
than O’Ob to 0*075 k.g. per mm. sq. of the rivet shank section area (85- 
lOC* lb. per sq. io. of rivet shank section area). 
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The dolly should, of course, be heavier than this if possible, and the 
weight should be concentrated as near as possible to the rivet head. This 
jsihustrated in Pig. 471. 

* Internally sprung dollies are used in Germany particularly for flush 
riveting of thin plates. They allow a much shorter striking time and 
facilitate safe handling of the tool because the vibrations ^set up are 
concentrated in the interior of the dolly (see Pig 472). Where crank 
lollies have to be used owing to inaccessible rivet heads they must be 
made much heavier than the minimum weight for straight dollies. 



Single shot riveters have become increasingly popular partieiilarly 
for the larger sizes of rivet. They are quieter and quicker in their action 
and produce a more satisfactory rivet in that the shank is properly 
extended and the head not merely burred over. 

Aluminium alloy rivets should not be used in the annealed condition. 
Not only will they never develop their full strengt-h, but they are liable 
to induce corrosion in the surrounding plate. The usual procedure is 
to coat them anodically first and to follow this by full heat treatment 
to 490° C. ± 10, and quenching. If used witliin an hour they are soft 
and pliable, and will age-harden to their full strength later. 

This age hardening can he interrupted or retarded for many hoiu“s 
if the rivets are kept in cold storage. Freshly quenched rivets may oe 
kept in a workable condition for 24 hours if stored in refrigerators 
at a temperature of — 2° C. When they ai‘e removed from the refrigera- 
tor, the limit of driving period is the same as if they had l>een just 
quenched. One precaution which must be observed is that the rivets 
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ire quite dry when drivring. If they are coated with a thin layer ox 
tliis will set up corrosion subsequently in the riveting hole. ' 

’ jtis argued that in hull and seaplane work the rivet heads are the 
corrosion danger-points, particularly as the hammered-up ends cannot 
an anodic surface. A method^ of overcoming this fault which is 
employed by Messrs. Saunders-Roe, Ltd,, is to hammer up on the 
inside of the hull, at least up to the waterline. This is only possible on 
hulls with an extremely accessible internal structure, and there are 
some points where it cannot be done. The principle may be applied 
ia riveting together panels of shell plating before erection. 

Where the obstruction to the air flow, caused by the rivets, may be 
comparatively small on large machines, it becomes of importance on 



Fig. 474. Heinkel Explosive Rivet 
{By courtesy of the Royal Aeronautical SodMy) 


small, fast craft. In such aeroplanes the skin is usually too thin to 
allow of countersinking, but when it is supported inside by a robust 
member, this may be countersunk and the skin forced down into the 
hollow, making, in eSect, a countersink on the outer surface. A method 
of flush riveting thin sheet, used by Caudron, is illustrated in Fig. 473. 

1 is a method applied to plates up to *02 in. thick. The metal is 
pierced to the diameter of the rivet. A dolly, with a countersunk 
cavity, is held inside and the rivet inserted from outside. In hammering 
up, the head is formed and the material bent inwards at the same time. 
B shows the method applied to plates up to -04 in. thick, where the 
work is done in two portions. The hole is pierced as before, and the 
material round the hole forced back by a special tool. This is with- 
drawn, the rivet inserted and hammered up against a dolly inside. 
In both cases the outside finish is completely flush. ((7/. De Bergue rivet, 
p. 835.) This type of riveting is widely used in France. 

Heinkel Explosive Riveting. The explosive rivets developed in Ger- 
many by Heinkel solve one of the great problems in riveting, that is, 
of connecting two parts where one side is completely inaccessible. The 
explosive rivets before and after use are illustrated in Fig. 474. 

The shank of the rivet is made hollow, and filled with a small 
quantity of explosive which is protected from moisture by a coat of 
varnish. The explosive is non-corrosive in itself and the fumes subse- 
quently formed are equally safe. A heated tool (see Fig. 475) is held 
against the rivet head until a temperature of 120° 0. is built up. The 
rivet then explodes and takes the form shown above. The time taken is 
only a matter* of two seconds, and, of course, an assistant holding the 
dolly is not required. It would be shorter if a higher temperature were 
used, but there would be some risk of affecting the material surrounding 

1 See Airworthineas Handbook, A.P. 1208. Inspection Leaflet 43. 
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■ - V. - . ! u oraei- t'j pr^^veiit t his the rivet itself is covered with a tliiii 

c.a'h h-fuiatiEg varinsh. . 

Ji' . -d »ii<- lal.-.- EuVvi-iiiui? the use ot explosive rivets are similar 
i' ~ r Ii- .iiAfi-d riv.< ilia'. The holes must be drilled to the exact size. 
rVXo .‘r.-ts must i.e claiiiped together with clamping screws. 

' "Tnbnkr Rivets. Tubular rivets are extensively used in thin metal 

i;,,jid rivets not being particularly satisfactory in 

^1' . ...iV* beicw 22 S.W.2. in thickness. The ordinary relationship between 
I'j’. and leaiiuir stivngtbs break.s down aud failure occurs, due to 
1 of til*' thin nietal round tlie rivet. Undoubtedly the clampiug 

a' “'.'“‘J.ij,. nivc- iii'ad helps in some sniaU degree, but the theoreticaUy 
'-M-i he' iuint of equal strength against aU types of failure is not attained. 
Tht- ttii.iilar rivet has a higher efficiency in thin sheet, since for a given 



Fig. 475. Typical Use of Heinkel 
Explosive Privet 

.By eifjrtesu ojthe Royal Aeronautical Society) 


siit‘ 4 r strengtli its outside diameter is greater tlian that of the solid rivet. 
Tik? bUiiirig area is, therefore, greater and the bearing stress less for 

tlio s.tine load. 

Tabular rivets are not, however, 100 per cent efficient in shear, as 
will be realized by considering one with a large outside diameter and 
extremely thin shell. If this D;t ratio is too large, the shell will 
ealianse before shearing. The shear and bearing strengths of tubular 
rivets are not, then, calculable, and failure takes the form of secondary 
hiJIapse or buckling. Designers must rely largely on tests in their 
stress trstimates. Very few test results have been published, and they 
could only be used with foil knowledge of the circumstances. For 
preliniinary calculations before testing or when an approximation only 
is needed, an efficiency of 50 per cent is frequently assumed. This will 
serve as a rough guide within the range of sizes normally fitted, where 
Dd ratio is about 6, and t, the thickness of the rivet shell, from 1 to 
11 times the thickness of the sheet. This gives 


7i{D^-d^) 

Shear strength — j X 


0 - 5 /, 


= 0*39 

where = maximum permissible shear stress, 
D = outside diameter, 
d ~ inside diameter. 
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The full stress may be assumed in bearing, giving 
Bearing strength == Z) X T x 

where T = thickness of sheet joined, 

== Tnfl.YiTTLum permissible bearing stress. 

Jaws of tool Finished Rivet 



Fig. 476 

The rule that rivets must not be used where there is any tension 
tending to bend the head applies with even more force to tubular 
rivets than to solid ones. The holding power of the head is negligible. 



Fig. 477. Pop Riveting 

The fitting of tubular rivets is simple, and may be accomplished either 
by squeezing or spinning. The form of the tools used is indicated 
in Fig. 476. For small work in duralumin or mild steel, a hand-operated 
squeezer on the scissor principle is adequate. In spinning the shape 
of the tool end is similar, but the shank is gripped in the chuck of a drill. 
It is advisable to have a tapered entry followed by a short parallel 




4iO METAL AIBCEAFT CONSTRUCTION 

spigot of siitclitiy lar t aiameter than the bore of the rivet to expand it 

fiiilv into I lie hole. ^ i. r . . 

Ill tlio *'*‘xaiiiple siiown, which is the attachment of a cross-braciag 
tube iiiUi Lie diaanei bix.)m of a rib, care ^yould have to be taken not 
to dainiiw^- the ciiaiiiiei DV too much s<4neeziiig. Jn repetition work the 
Liol mav be dcsimied to meet in the middle, as a precaution. 

" 'Tubular rivets for thin strip structures are used in sizes from Jin. 

outside diameter and in thicknesses from 20 s.w.g. down to 
mav be made from tube of any speciBcation, but the 
uii^ usual are in dumlumin :'T-4), and mild steel (T35). High-tensile 




Fig. 47S. Lxsge Diameter Pop Riveting 


and stainless steel rivets are made in materials appropriate to the strip 

they join. 

borne very ingenious methods of tuhnlar or “pop” riveting have 
hetn deviseci by the A.T.S. Co., Ltd., which, under Major Wylie, com- 
bi the patented processes for metal construction of the Armstrong* 
WLiiwortln Boulton A Paul, and Gloster firms. These methods are 
f articidarly applicable to riveted joints which are inaccessible on one 
and in wMcli the rivet head cannot be supported by a doUy during 
the closing. Examples of such uses are found in the attachment of 
ribs iiiid fittings to tubular spars, or of sheet covering to floats and 
mo ii oc GO lies . 

A tubular rivet threaded on to a mandrel is inserted in the hole from 
outside. Whilst the rivet is held in position the mandrel is withdrawn, 
expanding the rivet and forming a rim on the inside. In the case of 
small rivets up to in. diameter the mandrel is only used once, and 
then, since it is deformed by the work it does, discarded. An example 
in which a | in. diameter rivet is used is shown in Fig. 477. The 
rivet is pressed out of sheet steel. It has a thickness of *018 in, and 
the length A is *21 in. This is suitable for a total thickness of joint 
up to about *12 in. The mandrel consists of a length of 15 s.w.g. steel 
wire with a head tapered up to *105 in, in a length of *07 in. The rivet 
is thimded on to the mandrel B, put into the tool and inserted in the 
hole C. The mandrel is withdrawn whilst the nose of the tool holds up 
the rivet ( D). At fimt the taper on the mandrel merely forms a rim at 
the inside end of rivet, but as it is completely withdrawn ( E) it expands 
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the rivet completely into the hole and is, at the same time, drawn 
aown in size itself to about -015 in. The mandrel is then thrown away 
In the second form of “pop” riveting, over in. diameter, the 
oandtel is made from steel. Specification S.28, hardened to over 1 00 tons 
sq. in., and it is not destroyed by the process. In the example 
Fie. 478) the rivet is * m. outside diameter and -032 in. thick. The 



Fig. 479 . Pop Riveting Tool 


head of the mandrel is -005 in. bigger than the inside bore of the rivet 
and the stem is -15 in, diameter. The steps of the process are shown and 
it will he realized that more force is required than in the first method. 
A hand tool for dealing with rivets up to i)- in. diameter is shown in 
Pig. 479, from which it will be seen the same pressure which holds up 
the rivet head withdraws the mandrel. A foot-operated tool has been 
developed for the larger sizes. 

Rivets of this kind have shown themselves to be at least equal in 
tensile strength to solid snap-head rivets. This may be due to the very 
tight fit of the rivet in the hole. In vibration they have proved equally 
satisfactory. In shear a strength of not less than 240 lb. may be expected 
from the in. rivet shown in Fig. 477. 

There are several developments of the ‘‘pop’’ rivet. They may be 
ised with shear bushes of the type described on page 212. Where 
s^atertightness is required, a soft steeF sealing cup is pressed into ttie 
•ivet and spun out to close the hole. 

l4— ■(A.9003) 



tlie riglit is a (lot-ail of tlio actual fiiiislicd rivet 
{Bif courtesy of Much hi cry ”) 
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knottier system of riveting which, has been develox)ed in France by 
.^hobert and in England by Aviation Developments, Ltd., is similar to 
4e“p^>P” already described. The rivets are hollow and are 

^tpanded by drawing a tapered mandrel thi-ough them. With this 
"vstera, however, np to one hundred rivets are threaded on to a single 
^’iadrel which is put into a hand operated machine, or “gun,'’ sliowii 
ifFio*- rivet on the mandrel projects from the muzzle of the 

and is inserted through the rivet hole. The gun is pressed hard u]) 
?c?ainst the work, perpendicular to it, and the handle is turned three 
^es. This causes the rivet to be expanded in the hole by with- 
^ja;vting the tapered end of the mandrel through it and prepares the 
raacbir^ for the next one. The manufacturers estimate that on 
^raightforward work a continuous production speed of 1,200 rivets 
an hour is possible. 



CHAPTER X 


TABLES OF SPECIFICATIONS AND STRENGTHS OF 
MATERIALS 

>rr B.E.S.A. and D.T.D. with Strength Values. 

Uses of Materials. Bolt Sirengths 

Specification and Strength of Materials 

In the fullowing tables are listed most of the standard materials used 
■ El metal ahcraft- construction. The ultimate tensile strengths, yield 
tH>lnT£, proof stresses and chemical compositions are as stated in the 
specifications. The maximum permissible shear and hearing stresses 
are arbitrary^ being based largely on experience, and hence may be 
subject for criticism. Each designer used his own values for these, and 
there is considerable variation. Many of the figures here are given by 
kind permission of the Royal Aeronautical Society and Mr. P. RadcMffe, 
B.Scf 

Tlie chemical composition of a material is not of direct interest to 
the designer, except in as far as he avoids mixing, for example, steel and 
duralumin without anti- corrosion protection. These figures are stated 
for the purpose of identifying and comparing materials, particularly by 
oveiseas reader, to whom the British specifications mean nothing. 

Abbreviations — 

= Ultimate tensile stress. 

= Yield point. 

/j. = Proof stress, occurring at that point on the stress-strain 
diagram where the curve departs by OT per cent of the 
original gauge length from the straight line of propor- 
tionality. 

= Maximinii permissible shear stress. 

— 3Iaximum permissible bearing stress. 


ofodaius of elasticity 


1,000,000 


> ™ Not greater than. 

Mg = Magnesium 

< = Xut less than. 

Si = Silicon. 

A1 = Aluinimum. 

S = Sulphur. 

C = Carbon. 

Ti = Titanium. 

Ce = Cerium. 

Va = Vanadium. 

Cr = Chromium. 

W = Tungsten. 

Cu Copper. 

Fe == Iron. 

Zn = Zinc. 

Mn = Manganese. 

Mo = MolTbdenum. 


Ni = Nickel. 


P = Phosphorus. 

Pb = Lead. 



* Eadeliffe, “Eiemeiits of Detail Design,” Journal November, 1930. 
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le materials are arranged in the following order— 
Steels and Alloy Steels : 

(1) Bars, Bods, Wires, etc. 

(2) Non-corrodible Bars, Rods, Wires, etc. 

(3) Sheet and Strip. 

(4) Non-corrodible Sheet and Strip. 

(5) Tubes. 

(6) Non-corrodible Tubes. 

Light Alloys : 

(1) Aluminium Alloy Bars, Forgings, etc. 

(2) Aluminium Alloy Sheet and Strip. 

(3) Aluminium Alloy Castings. 

(4) Aluminium Alloy Tubes. 

(5) Magnesium Alloy Bars, Forgings, etc. 

(6) Magnesium Alloy Sheet and Strip. 

(7) Magnesium Alloy Castings. 

Nickel Copper Alloys. 


USES OF MATERIALS 

(Short List of most generally used Materials'; 
STEELS AND ALLOY STEELS 

(1) Steel Baes, Rods, Foegings, etc. 


Specification 

Uses 

3 Si 

Mud Steel Bar. 

Bolts and niit?, n-achi.nvd cyrbolts, tube plug ends and sockets, 

etc., Oil (^oirinier.-i;:! ui.J: c-'v!) rcr:;::. particularly where low stresses 

are used. 

May be welded if heat treated afterwards. If heat treatment is not 
possible by reason of the size of the unit, S21 should be used instead. 

Protective treatment : Cadmium coating, with stove enamel c-r cellulose 
lacquer. 

2 S2 

S85 

55 Ton Alloy Steel Bars. 

65 Ton Hi-Cr. Steel Bars and Forgings. 

High tensile bolt= and uuts. machinr-.i tube plug ends 

and sockets .‘or iilLui'.y .'SeJ r.irus. . . association with 

T50 tubing in -ii-jinb- rs. uv 1 itag struts, engine 

mountings, ii:if.ieri:ar:ii:n.r.', .arul tah s-ciis; 1 •. association with 

built-up members of iii-gii teiisib: s/rip, .-nc;: S.",'. 

High finish is roaii.ired. Tool m.'irhs and si:;.:-.:;- rvlg;.-' must be removed. 

Protective treatment : CadiiduTri co;;::'!,:, wl;}. name! or cellulose 

lacquer. 

3 S6, 2 S76 

“40” Carbon Steel Bar. 

Forgings and stampings. Should not be welded unless heat reate i 
afterwards. S76 is a heat treated version of S6 to give higher rensi'e 
strength. 

Protective treatment : Cadmium coating, with stove enamel or ce;,:;n:-5 
lacquer. 

2S21 

Low Carbon Steel Bar. 

Hivets. , _ . 

Machined fittings, tube plug ends and sockets, etc., ii over li in. 

diameter and welded, when heat treatment is not possible. 

Suitable for case hardening, , „ , 

Protective treatment : Cadmium coating with stove enamei or cehuiose 
lacquer. 

D.T.B. 126A . 

40 TON Carbon Steel. 
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N.roun>»i<iiiLK Steel Bahs, Bods, Forgixgs, etc. 


Uses 


i ^ 

An Uja Na-Kla chkusiic'i Steel 1.;aes, Forgixgs, etc. 


Nickel-ckeosie Steel Bars, Forgings, etc. ^ 


L'inicaiuM Steel Bars, Forgings, etc. (Stainless IroaX 
c‘-;v "ensile strength for purposes simOar to Si. JS'ot compietplv 
31051 not be used in contact with Austenitic 

Fr'tc'fi T treatment : Stove enamel or cellulose lacquer. 


Gr ■. -r Steel Bars, Forgings, etc. (^lodified Stainless Iron) 

i' .-r Mr: -fvr sln-ilar to Sol, but with higher carbon content and greatpi 
Xm*. cc-MiLletely srainless. 3rust not be used in contar-t 
’.v -'t ATAtvLT-c Stainless Steel, 

i • t-'eatij.eni : Steve enamel or cellulose lacquer. 


;F PER CENT XlCEEL STEEL BARS, FORGINGS, ETC'. 


r-;nivE:rM Steel Bar, Forgings, etc. (“18-2” Group). 

V* -".inl’d uni. forged f.tt:ng.<, eyebolts, tube plug ends, and sockets for 
■ -'re.ssed nart.s, esrecially in marine work, and in association 

wiri. iMgi: tensil^ non-corrc.iibie tube, B.T.D. 105. 

YoT ‘ :.c t:. ■•-r.- :'.e in S2, where good corrosion resistance 


Protect ire ireaimera : ^ arnish or cellulose lacquer if for marine purposes. 

I 

6.3-75 Ton Nickel CHRConuii Steel Bars, Forgings, etc. 

^djsk m. 

IFvcts, srlit rms, etc. 

ru:',iL ::6A . 

A . (Auitenltic “1S~S” Group). 

3 un a Ittings wiiere Ingii resistance to corrosion is required. Work 
cm g. liay be welded but stainless properties are slightly 
i Has medium tensile strength and low proof stress, ifust 
?ed in ccntact with 8t:ii:sie.5s Iron. 

: ^ '■ecimerit : Varnisii or cellulose lacquer, if for marine pur* 

{3 Steel Sheet axd Strip 

SifcA-utlon 

Uses 


HOI E.OU.ED Miib Steel Sheet. 

1’ r uF. rriinary sheet metal fitting.?, wiring lugs, etc., on commercial 

1 dvd i urriculariy li \M-iding is used. Need not be nor* 

r.- dl.:-.. ; ..it-.-r v/.dli.g ;f linpraCLicaoU.-. 

r .- Cadrniuin coating with stove enamel or cellulose 
• /.A-r. -I':;, ruusr not be used on built-up wh.-jre 

‘r :: :::e ri.itiLg rD-urioii might penetrate bi.i \w-v:. liGMTc.iic: 


.3 PER CENT X’lCKEL STEEL SHEETS. 

High Tensils Ni-Cs. Steel Sheets, 

High rer. =:!-:■ sbe-c-t metal ftttir.gs, wiring lugs, etc., in structure of built- 
Tir -=tr!;. .'Mch as SSS. a.-ni vyith tubular structures of T50. 
liign linir:: is r;* .uirf-d. 'i’ccl marks and sharp edges must be removed. 
Heat -i-guire.' accurate control, particularly with 3 S4, 

when a '..'i: , X.':- :rTi;: e.i-h batch must be included. 

Proieetirc i ’taii e: ■' . -Ca.lr-iiim coating with stove enamel or cellulose 
lacquer. 

ssr . 

High Tensile Ni-Cr. Steel Strip. 

Ni-C-r. Steel Strip, Hardened and Tempered. 

Fudt-up structures, main plane spars, closed or riveted Joint tubing 
for -Struts, fuselage members, etc. May be rolled or drawn in either 
.Lard cr annealed condition. 

Prot^tim treatment : Stove enamel or cellulose lacquer. 
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(4) Non-corrodible Sheet a^std Strip 


Specification Uses 


' STrL:- i-fTiKT (Stainless >o:!'. 
p,Y.l>. :JC'. ■ SiniL i-o?;:. 



()!\li:uiry sheei-rner^ii iliiiripi-i -iniiiirii So. v M;:” • 

iv is hea: rreau-n aiterv^ardi. A 

Must not be used in contact with Austenitic “ st,a!;Jt.-s Steel 

Protective treatment : Stove enamel, varnish, or cellulose lacquer. 

D.TJ). 46A 

High Tensile Steel Strip (Modified Stainless Iron). 

Strip for built-up structures where high tensile pr"i:-crt:es -ur.iiiir to 
those of S87 and SS8 are reqir'red. May be rolicd cr irav. either 
liiiTvi or au’ieaicd coiidit ii:*!. .' 1 ;!-; nVjt be usr-d ecLi:.-. ■: with 

Xusii iiiiii* S:alnUs:i: S:--*!. 

J'ro*er. i ri> treiUi -ei't (if ny) : .Siovc 01 . an ei, varnish, or cellulose lacquer. 

D.T.D. 60B 

Steel Sheet and Strip. (“18-2” Group.) 

Strip for built-up structures where better stainiess qualities than 
D.T.D. 46A are required. Sheet for hull and seaplane fittings, used 
preferably where little bending is needed. Also fittings, wiring lugs 
etc., for main planes, monocoques, and built-up strip fuselages of 
Isr.C. steel strip. May be welded but accurate heat treatment is 
required. Is now being used experimentally in work assembled by 
electric spot welding. 

Protective treatment (if any) : Stove enamel, varnish, or cellulose lacquer. 

D.T.D. 146A . 

High Chromium Steel Sheet and Strip. (“18-2“ Group.) 

Similar to D.T.D. 60A hut with lower tensile strength. 

D.T.D. 166A . 

Steel Sheet and Strip. (Austenitic “1S-S“ Group.) 

Strip for built-up structures, main plane spars, drawn strip tubes for 
struts and fuselage members where high resistance to corrcsicn is 
required. Sheet for fittings on hulls and searlares. mcnocoq’:? 
fuselages, etc. May be edge or spot welded, bur a: v. 

reduced to that of D.T.D. 171A. Is now being i evp^ rina 

in work assembled by electric spot welding. 

Work hardens, but may be softened by heat treatment. Must not U;- 
used in contact with Stainless Iron. 

Protective treatment (if any) : Stove enamel, varnish, or cellulose lacquer. 

D.T.D. 171A . 

Steel Sheet AND Strip. (Austenitic “1S-S“ Group.) 

Medium tensile strength with low proof stress. Higli stainless qualit ies- 
Fittings for hulls and seaplanes, monocoque fuselages, etc., wnere .:.;V 
stresses are allowable. May be welded and used without subsequent 
heat treatment. . , , . 

Work hardens, but may be softened by heat treatment. Must not m 
u.=od in cont.act with Stainle.« Iror:. „ , , 

Protect i? e Ircairr-erd (:f any) : Stove cna me: . varmsh, or cellulose lacquer. 
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Steel Tubes 


Uses 

2TI 

S5 Ton Carbon Steel Tebe. 

Uiiler struts 'vvhere no welding is required. If Tl must be wpid^d 
requires heat treatment. (Ti is now replaced by T35 and T 45 fn- 
uenenii nuriioses in many factories.) 
i-rke^ire treatment: .coating, if possible, stove enamef or 

celiiuose lacquer. .nurru-.:;}'. 

~ 2 T 2 

TsTCEIL CHSOJIE axle TUBE. " 

Axles and such parts where great strength and toughness are required 
Must not be welded, soidered, or subject to heating of any kind' 
Preferably should be finished complete to shape and size with all 
LGles et^a. by the tube maiiuiactarers. 

Pri-tective t^eatmeni : CelJiiIose lacquer or paint. Oiled internally. 


^riLD felEEL TUBE. 

lightly loaded parts, such as trailing edges. equfT'm":;! frame- 
fairing supports, and other secondary structure, ■ ' h.. ■ JiaV 

be welded. ’ ‘ 

Pr>jUetiTe treatment : Cadmium coating if possible, with stove enamel or 
ceilulose lacquer. 

IS5 

T45 

. : Carbon Steel Tube. 

. IJlTTu. 

For all general purposes, particularly when welded : fuselages, engine 
mountings. weM^'-.d tail units, etc. Dees not require heat treatment 
after welding, 'u :: strength is reiintcc: in the vicinity of the W’eid. 

TS5 refers to special sections, streamline, oval, and round up to i in 
diameter. 

T-iS refers to round tubes of | in. diameter and over. 

P-stertire ireatrieni : Cadmium coating if possible, with stove enamel or 
cT.uIii-; IajOuct, etc. Oiled internally. 

T 

High Tensile Caebon Steel Tube. 

Must not be welded cr brazed. 

Tubular fuselages wiri: meclianical joints, interplane and drag struts 

etc. 

Protect f vetreatmerd : Stove enamel or cellulose lacquer. Oiled internally. 

k'T 

45 Ton Steel Tube. 

Fs 3 r interplane and drag struts, undercarriages and other tubular 
structures ineehanicaily jointed. 


75 Ion Xics?;:. nojnrM Steel Tubes. 

For iaterplai.' : i:-;:? struts, undercarriages, and otlier tubular 
structures r. i 1 ;y jointed. 


XON-COEEODIBUE StEEB TeBES 


Speeidcation 

Uses 

D.T.D. orA 
'D.T.P. 

T.T.B. 205 A 

Low Tensile Tube. (Stainless Iron.) 

55 ION Si£.Ei Tube. (Stainless Iron.) 

DO Ton Stex.! Tube. (Stainless Iron.) 

Inese stainless iron tubes are tlie eqiiividen.t of the following specifica' 
tions ana may be used for simihir purroses, where non-corrodibie 
properties are desirable, e.g. in flying boats and seaplanes. 

B.T.D. 97A equivalent to T21 

102A Ti 

.. 203A T50 

1 ney may De welded but must be heat treated after wards. The strength.® 
3f these tut^s are developed by heat treatment. Must not be ii.<ed 
^ in ccr.tac: with Austenitic “ iS-t ” Stainless Steel. 

{;f any) : Stove enamel, varnish, or cellulose lacquer. 

l3.T.:u 

50 Ton High Cheomium Non-coreodible Steel Tubes. 

B.T.Tl 207 

35 Ton Chromium-nickel Non-cokrodibie Steel Tubes, 

B.T.B, 211 

5«j Ton Chromium-nickel Non-corrodible Steel Tubes. 
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(1) ALmriiKiuM Alloy Bass, Foegings, etc. 


Specification 

Uses 

5 LI 

L39 • ■ 

DxiRALrrMiN Bar. 

For lightly stressed fittings where rigioitv is required ir-, ’".-p' 
fittings and packing blocks for flving beat ^ - * 

duralumin wing structures, etc. "l, 

Protective treatment : Anodic, with lano’.iiie, vari.H. or : il- . . ; 

Tse . 

ALuaimiUM Bivets. 

Used on all aluminium structures. 

Protective treatment: According to component. II this is anodiealiv 
treated it must be done in parts before riveting. 

TsT. 

Duralumin Bivets. 

Used on all duralumin and alclad structures. 

Protective treatment: Anodic before normalizing. Laooime, varnish 
or cellulose lacq.uer, according to rest of ccmpf'nent, wlijcli mii«t T p 
anodically treated in parts before riveting. 

1.40 . 

ALUMINIUM ALLOY FORGINGS. 

For forgings, stampings, etc., used on production work instead of 4 ! i 
machined fittings. 

Protective treatment : Anodic, with ianoline, varnish, or celiuicse iacqupr. 


(2) Altjmin-ium Alloy Sheet and Steip 


Specification 

Uses 

4 L3 

L38 

Duralumin Sheet. 

Alclad Sheet. 

For flying boat hulls, floats, monocoque fuselrige?. main nlar.e spars, 
ribs, tail units, etc. May also be ii.-e.i :or lign’iy-s::-.;.-.-.- 1 plate 
fittings. Alclad is superior to duralumin ii. c.:. pro- 

perties, and is especially used for nuirine work. 

Protective treatment : Anodic, followed by lane line, varnish, or cellulose 
lacquer. If used in riveted components, the parts must be anodleaily 
treated before riveting. 

2 L4 . 

2 Lie 

Hard Aluminium Sheet. 

Half-hard Aluminium Sheet. 

For tanks, enginr! •'‘owiing.s, wheel and fairings. L4 may be 

used for very iigi.i-!y-fir"-.a‘ d equinnie.':'. .-i.-;.- < for fuel pipes 

and pitot tubing, etc. 

Protective treatment: Anodic on exposed parts, varnish paint, or 
cellulose lacquer. 

D.T.D. 

D.T.D. 

177A . 

182 A . 

7 PER CENT Magnesium-aluminium Alloy Sheet and Stei?. (Hard.) 
7 PER CENT Magnesium-aluminium: alloy Sheet and Strip. (An- 
nealed.) „ 

Simliar in strersedh to duralumin but lighter. May be welaea. ivnowo 
co:r;-nerci:.I]y a.-f .li.Ci.r. 

Prfi‘fct:ve trc-:ii;-ei t (If ruiyi: Anodic, and/or varnish or cellulose lacquer. 


(3) Aluminihih Alloy Castin-gs 


Specification 

Uses 

3 L5 

Casting Alloy (Al-Zn). 

L33 

Casting Alloy (A1-Si). . , , ^ - 

For cast pacldng blocks, aluminium tank fittings, controi vrueeis, eu. 

May be welded to aluminium. 

Protective treatment : As for components on w’hich used. 

L35 

“Y” Alloy Castings. 

D.T.D. 309 . 

Aluminium Alloy Casting (Hiduminium B.B. 53C). 

D.T.D. 255 . 

Aluminium Alloy Casting (CeralummC). v 

For light castings where high stren^h is reqmred. bbould^ 

Prote&ive treatment: Anodic, with Ianoline, varnish, or cellUiC^s 
lacquer. 



MKTAL AlKCliAFT COKSTRUCTION 


4 Aluminil-M Alloy Tubbs 


4 14 

Uses 

DriiAirMis Tubes. 

]■ : strjetiires ’»Yith mechanical joints, torque tubes, and 

e: ntr . i •..■Vnneeting rods, control columns, tail unit and aileron spars 
t ALldiir Tcrsl'-n. In small sizes for tubular ribs. Tubular rivets when 
i; j.'Aly .-.tr'-ss&d and tubular distance pieces in duralumin spars, etc. 

ricli' c ; Anodic, followed by lanoline, -Yarnish or cellulose 

Ixicquer. 


ALUMixitM Tubes. 

Fur petrol and oil systems, breather pipes, secondary structure where 
verj^ lightly loaded, fairing stringers, equipment supports, and seats. 
May be welded. 

Prote^in treatment: Anodic on exposed parts. Varnish, paint, or 
eeliulose lacquer. 

IIT.I). 220 A 

. ; AmriNiuM ALLOT Tubes. 

A* ::r STi but l..a%ing greater strength at the same weight. 

:;5i ^sIa^nesiuai Alloy Babs, Forgings, etc. 

S|«€;2catlon 

Uses 

B.T.D. 

>diG.x£siuM ALr.or Forgings, Staypings, Pressings. 

Forgings, etc., u.r snu;.:! nor!-.s:ressed parts, equipment fittings, etc. 
Prot^iive treatment : Chromate or Selenium process, with cellulose 
lacquer, enamel, or varnish. 


Magnesiuh Alloy Bars. 

Extruded sectiens for window frames, door steps, equipment Sttinp, 
etc. 

Prniestire treatment : Chromate or Selenium process, with cellulose 
lacquer, enamel, or varnish. 


>LvGNL?ir?r Alloy Bars. 
r.utruiei .> vti.-n.' as for D.T.D. 259. 

.Machined Lttings for tanks, etc. May be welded. 

Proteaiive treatment: Chromate or Selenium process, with cellulose 
lacquer, enamel, or varnish. 

Il.T.D. 191 

Magnesiot Alloy Bars. 
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(6) Magnesium Alloy Sheet and Strip 


Speciflcation 

Uses 

D.T.D. ns 

Magnesium Alloy Sheets. 

Tanks, cowling, seats, fairings, and equipment fittings. 

Suitable for welding. 

Protective treatment: Chromate or Selenium process with cellulose 
lacquer, enamel, or varnish. 

(7) Magnesium Alloy Castings 

Specification 

Uses 

D.T.D. 140A . 

Magnesium Alloy Castings. 

Control wheels, landing wheels, equipment fittings, pHacking UccLs, 
distance pieces, etc. 

Protective treatment : Cliromate or Selenium process, witii ceiluiose 
lacquer, enamel, or varnish. 


OTCKLE-COPPER ALLOYS 

Specification 

i Uses 

D.T.D. 204 

Monel Metal. 

iS'^r’scturnl T-aTts nca” ‘''■‘■mn.‘'.sses. 

Tl( a: hi:!! .'■i.riic; 

PriiUrl'-e \re'U:i'y.i‘: : lacquer, enamel or varnish. 

D.T.I). SOS 

Inconel. 

Exhaust manifolds. 

Protective treatment; none. 






rtmii^th Vuh-c ;Tcn 

^ sq. in.) 


Lb, sq. 1 

sC. 



4 - 23 

s ) 

/b 

E'llf 




29 

«4 

52 

28 

- I .; 

5. 'i HI"' A^.«“* 


’0’2‘:oP) 

47 

127-5 

29 

2 T2€ 


-- 

•0-2=W) . 

12 

30 

30 

T3i 

Ciiteii Sttel Iii2€ 

a- 

SO 

{0-2^p) : 

23 

IS* 

52 

45* 

27-4 

I4i 

: Carson Steel Tnl^ 

40 

— 25* 

(0*2%p) , 

26'5 

22-5* 

67*5 

45* 

2S-8 

T5..> 

wU-Ton 5ickel Steel 
Is; be 

Ovi 

— 45 

:u-2tip) ^ 

30 

75 ; 

28*5 

li.T.D. 

41 

MJi Steel Tnle. 

■ ■‘4’^ 

2S 26‘5 

17* 14* 

.'>o 

45 

35* 

28 

27* 




4u ■ — 

- 

- ; 

- 

DXl). 

Chrome 41 c lybde ntim 
Tube . 

iO 

— 40 

39*(0*2®oP); 

- 

- 

- 

I>,..T2D. 

234 


7s> 

~ 68 

: (0-2 %p) ; 

- 

~ 1 - 



* Strengt! 

; after welding. 

(6) Non’-Corrodie 

isjjeclSffia* 

Materlal 


Strengtii Values {Tons/sq. In.ii 


: Lb./sq. i 

5a 

h 

f . f 

-% i j 

1 

4 

E/10« 


D-sW IcHrilfi 5.C. Sb'el 
Tube 

2r 

15 IS 

18 

42 

: 23-5 

IkIAj. 

S5-Tosy.C. steel 

25 

30 3U ; 

24 i 

52 

1 29 

D.T.D. 

139 

5>IonN.C. Steel Tube 

50 

45 

(0-2 %p) 

30 ; 

75 

1 30-5 

i 

D.T.B. 

2u3A 

50-Toa 5*C. Steel Tabe 

50 

45 

(0-2 %p) 

30 

75 


O.l.B. 

207 

35-Tos 5.C. Steel Tube 

35 

15(0-13ij;) 

:18{0-2%p; 

i 24 , 

52 

27 

D.T.B. 

211 

sa-Tcm Jf-C, Steel Tmbe 

50 

1 

|45(0-2%p)| 

I 30 

75 

25*6 


428 




429 



METAL AIRCRAFT CONSTRUCTION 


(i) Aluminium Aixa^ 


ti02 

MatermI 


Strcngtl 

Valaes ilons. 

sq. in.) 


Lb./sq. Ii ' 

Kq. 


i f 

'f 

Jp ; 

J s 

4 

E-IO- 

5 U 

Diiakisia Bar . 

25 

- 

15 

IS 

32 

10-5 

■'i^gs, Extru' 
^andBars^i 









m 

tiarahmin Eifeti 

20 

~ 


16 

32 

— 

m 

Aiiiffiin.SEj Eivrts 

: 

- 

- 

- 

- 

^ " 


Laiakffik Bax . 

22 

~ 

12 

16 

32 

10'5 

imacliimiig ab' 
iupto6' 

L40 

Aiiisinlais Alloy Bar . 

27 

- 

21 

16 

33 

— iiiiimB/.B-56 
itgings, Extru 
fis and Bars i( 








“jig not exceed 

D.T.I). 

Akminka Aiky Bar . 

25 

— 

IS 

IS 

35 

^ 

i©] 







tmchiningup 
Eitnisions up 

iiLD. 

AksiLkffi Alloy Bar 

“■ 

~ 

r» 

16 

33 

: 'i • 

” jinachiningab 
Ixtrasions at 

‘ i . . 

I» I.D. 


S3 



27 • 
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4(1 oofifinna 

i parts. 



TABLES OF SPECIFICATIONS 


I 


S 


?0RGINGS, BTC. 


1 

Remarks S 

1 

Specific ; 

Chemical Cokposihqx cpes Cevt; 

5iraviiy ; ; 

: Cu i 

Mn i !N!g S; ■ Fe ' T. 

ings, Extruded ; 
^'>-'1 forma- | 

not exceeding 3' | 

2-S5 

3'5 i 
to 

4-5 j 

0-4 04 > > > The 

to to s-7 ''-7 ■■■■S' re«t 

0*7 ; 0-7 I 

- 

2'S5 1 

3- 5 ■ 0-4 ; 0-4 ■ > J* > ■ T!ie 

to i to ■ to : 0*7 0*7 0S7 res: 

4- 5 I 0*7 0-7 

- 

2’75 

Fe ^ Si > 1-7 ' — > > > < 

l*fi i'O J'U, ^5 

nachining above 
ap to 6' 

2-85 

3*5 

to 

4*5 

0*4 ■ 0-4 > > > 

to ! to 0-7 0*7 A-3 rest 

0*7 : 0*7 

jam B/.B. 56 

Extruded 

as and Bars f or ma- 

g not exceeding 3 

2*80 

1*5 

to 

2*5 

N!0*5 1 0*6 ' > 0*S . > Ih? 

to ; to ' 1*0 : to 0*2 TKt 

1-5 ^ 1*2 ' 1*5 

aachining up to 4' 
ixtrusions up to 3' 

2-85 

3*5 

to 

4-5 

0-3 , 0*8 ■ > ^ 

to to 0*5 0*4 — rest 

1*5 : 1*8 ; 

Qachining above 4' 
iistrusions above 3' 

2-So 

3-5 

to 

4*5 

0*3 : 0*S 

to ■ to > > — 

1-5 i-S 0-5 0*4 rest 

uiiiin E.R.77 
;d sections for 
ed parts. 

2-00 

1*5 
i to 

1 3-0 

i i : 2n 

: Ni ! 2-0 : < A 

i < ; to 0'6 Sib s-'c Ai 

; ,.n : 4-n ^ Ittxsz 



M KTAL AI is* HAFT roNSTHUt TIi >N 


(2) Aluminicm Aixo 



* -L 



itr^u^th 

Values [Tens, 

'sQ. in.) 


Lb.;gq. im 




f 

' y 

Jj, 

A 

4 

EAC^ 

4 1.3 

iF.ranjnua Shwt 


25 

- 

I D 

16 

32 

10*5 

U LI 

IsTrl Aiuiniaians 


9 

“ 

- 

- 

- 

10-5 

2 LI6 



: 

~ 

- 

5 

15 

10-5 

. 




- 

lS-5 ■ 

10 

32 

9*7 



^Le^t 


- 


- 

- ; 

- : 

IT-Li 

A-;-::.::.-::.. 

A;i-.y 

- 

- 

15 

- 

“ ; 

- 

i i ; >A 

A:-:!:..in.u:u MaJ, 

ALav 


- 

12 

- 

- ' 

- 

24 




- 

- 

- 

- 

- 

i).r.B. 

A:-;:nAJ'in; .i:.;v 

■SacA 


- 

17*5 

IS 

35 

1 - 

pxp. 

A’jaiAL-A:' y 


26 

- 

16 

16 

33 

1 
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(3) ALCiJiNH7»:.t3?5^^ 


Speclfica- 

tl0S 

Xc. 

Material 


Strength Values 'Tons sq 

.la.) 


Ib.:Eq. io. 


t 


-'s 

h 

” :a‘ 



S fj 

CaitiKg Afloy . 

9 

— 

5-5 

13 

— 

L33 

Aiutoinltm S;i!?cn 
Alloy 1. a5’ 

iO-5 

- 

- 

15 

9-5 ' 

- 

LSS 

’'f” Alloy ■ 

14 

~ 

- 

21 



P,T.D. 

mk 


16’ 

20t 

— 15-5* 

20t 

“ 

24* 

30t 


St Treated 

PJ.D, 

i$m 

A;U!nxiur» Alloy 
Cj.stir.g^ . 

11* 

12-5-*- 

■— T-5* 

St 

- 

16* 

ist 

- 

ilnluni R.B*' 
jt Treated 

V.i.lh 

,, 

r: 

0 

_ 



■iBeta” . 


t ..A. 






■ 

1 

-;-4a 



- ; 13 ; 

- 

- 

- 

^ Gamma” 

D.r.D. 

m 

Aluoaiil'^ts Alloy 
Castings 

14* 

20+ 

— 11-5* 

13t 

- 

21* 

30t 

- 

jpinB. He 
sted ■ . 
i.211 

£35 

Alatalniiin Alloy 
Castings 

IS* 

23-5t 

1 

' 

-H-cj 

- 

27* 

34t 

" 

ijiDinC. He 
$vti 


a: a:;.v.' 


— 13 

- 

: - 

- 

2*22 

im.:a 

A;..aa^,A.:v 


— 14 



1 

226 

j not be h 
modized . 







i i 










S.T.D, 

3vQ 

Alinsiniiis Alloy 
Castinp 

23+ 

— • - IS* ' 

19-5t ; 

“ 

27* 
i 34t 

i i 

alnlum Hi 
it treated 



* Ssnd east f Chill cast 


(4) Aluiminiijm aY Tub; 

irerfSos- ■ 

tiOS 

Material 


Strength Values (Tons^^q 

. in.) 


I.b.,.SQ, in. 

Hema 

No, 


h 

■V > \ 


h 

F./lO* 

4 T4 

Diiramtnm Tabes 

28* 

25 

— IS* 

15 

16 

32 

10-5 

_ 

4 m ^ 

AiamiiilEin Tabes 

St 


5 

15 

10-6 

- 

D.T.B. ^ 
220A : 

Wrcaght Lfriot Ala- 

26 , 

- : 22 i 

i -2% j 


- 

10-5 

Wum 1 


• 48 sopplif-d. Lo'sr^r Sgures to app!? if heat-treated during working, 
t Tp *0 2' flla. Lcwer !iigar«s for l.'-rger sizes. 
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Castings 


Ijisarks 

Sped£- 

Gravity 

Cii 

Chem::*! 

\T-:: ' 

- - - 

^ 



£ . 

2*99 

2'5 

to 

t: 

>;.'L > ’I 





A 





— 

2-70 

~ 

07 t- .ho 

:o 

.^0; 





3-5 

T: 


> 

■' ; 



2 -So 

to 

J* u-2: *0 







4 ‘D 




- 0 




T5 

N: :-4 





liiia E.B. 5S. 

2-75 

to 

0*5 to 


tG 

: 

TLr 

■'reated 


2‘5 

2-0 


o: 





I!-- 

Ni --oS 

TO 


r- 


iarnfi.E.50 

2'7S 

JO 

O-’* 

to 



The 

’rested 


2-*,> 

,to_ ;-U- 

2'“ 

T4 


rOft 




. ' a 





Beta” . 

The 

' 0' 







rest 

0-6 

^ . oi 

:o-. 




Ljiuniua” 

i The 

> 

F‘" 






1 rest 

; 0-6 

- 








N; 0-5 



Co 


iaB. Heat 

i 2-79 

to 

1 ' to ' 


to 

0 


7 . * 



:g I'C 



y'o 




o 

X; 0-5 

: 




InC. Heat 

2-79 

to 

I tc 

to 



Th? 

d . . . 


8 

to 1-0 



- 

reft 



4-u 

0- 1 







ti'f 

0-8 tj 







4‘ti 

' 





\ 


i-i) 






iot be iieat treat^ed 


! t.! 

! );i -- M - -- Oio 





Mlized . 


4-*': 

- /.: > ie2 






liam B.B.53C. 
created 


2 Xi 0-6 0-7 1-2 7: 

to 1 to to tc < 

3 ^ to 2 1-0 1-5 I’S 0-3 


' Tubbs 


1 

Kemarks J 

i 

i 

Specific : 
Gravity i 

CHSMICiL COM?05mcy dES CE5I 

1 Gu j 

Mn Mg = Si Fe Zs Al 

— 2-85 

! S'5 

: to ! 

; 4-5 : 

' 0-4 ■ 0-4 > > iii 

! to to ti-oT u-7 oc - 0 ? 

1 0-7 0-7 r;^it 

- 

! 2-70 

i Fe + Si 

i 

> > 

> 1 . 7 . ~ I-O 17 — tS 

dum E.E.56 

2-76 

i 1-5 
i to 

1 2-5 

i Hi : 0*4 = 0-S Tl 

1 0-5 to > ; to > Tb* 

i tol-5 ^ i-6 1-0 ■ 1-S ^ 0*1.1 ^ rMl 






•Sand ei^t. tChiil cast, 
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Forgin gs, etc. 



Chemical Composition fpis CiHi) 


Al 1 :^tn ; Zn j 

Cn i Si . Mg 1 r,+,Tj Isr !f,*„ 

1 

1 

> ' > ^ > ■ Tlif 1- 

il-0 1 1-0 ; 1'5 i ~ — ret IS 

' ~ ! 
fiorweliiing • • j 


> > The 

0*2 ; 0 2 0-4 reit (»-5 

. 2'63 

The i 
rest 1 

0-3 i Fe 05 

to : > 1 — — to 

0-B j 0'75 i 7-25 

i 

6 

____ 

> i > 1 IM > 

1-0 1-5 ; — — re&t 15 

i 

- : - : - 

m AND Strip 

Remarks 

Chemical Composition (pek Ceni) 

Al 

Mn j 

Zn j 

Cu 5 Si ^ Mg i Total IrapiaitlM 

iS)le for welding . 

> 

0-2 

> ! 
2-5 j 

> : > ' > The > 

0-2 0-2 0*4 rest 0'5 

Gr. 2-63 

The 

rest 

i 

> 

0*6 

: Fe i 

— . > 0-5 to — 

^ 0-75 ' 10-Ji ■ 

u)Y Castings „ _ 

Remarks 

CHEAUCAL COMPOSinON fPEE CENT) 

Al 

Mn 

2 n j Cu ^ Si 5 Mg Total iis purities 

- 

> 

0-2 

> 

2-5 

> 

0-2 

> 

0*2 

> ■ The ' > 

0-4 rest 0-5 

p,Gr.l*83 

9 

to 

11 

> 

0-5 

> 

3*5 


1 

If 

MPPEE ALLOY 


lleinarks 

1 Chemical CoMPOsnaox (pie Ceni* 

Al 

j Mn 

1 Zn i Cu ! Si : Mg Teui 

'a.M” • . . . • 

Ni 

64-0 

to 

70-0 

0-3 

to 

20 

Cu 

The 

rest 

Fe 

2-5 

0-S 

Hi 

75 

to 

85 

Cr 

120 

to 

15-0 

> 

lO-O 



m 



MWFAh AIHCHAFT CONSTRUCTION 


Bolt Sferengtlis 

Th© follow lag cuir¥^ ^rve m a basis for calculating the strengths 
of bolte in shear, tension, bending and bearing. They are a=li worked 
out- on a figure of 10 tens/sq. in. They are thus applicable to any of 
the materials, in the foregoing tables, by the introduction of a factor 
ciMained by preportloning the appropriate strength figure to 10. For 



TM.ICKNESS or FiTTING 


BEARING 5'^REMGTHS a=: BOLTS at 10 TOMV^IN 

example, the shear strength of a mild steel bolt (Specification SI) is 
fibtained by multiplying the figure read off the curve by -f or 2-3, 
Similarly, the multiplying fswjtor for a duralumin bolt in shear is or 

1 » 6 . 

For bendii^ it m ustad to take a maximum permissible stress midway 
befcw^n the ultimate tensile steess (/^) mid either the yield point (fy) 
or the pmof whichever of th-^e is known. 

The ^‘core diamete” curv^ are given with diffidence owing to the 
weakening effect of the thread cutting. Unl^ it is impossible to 
avoid it, the threaded portion of a bolt should never be under any stress 
other than t ensioii. 
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TABLES OF SPE:cTFI0AT1ON.S 

The “Bearing Strength” curves are, of couise, w.aked oai on th- 
full diameter of the bolt shank, since the threaded p.jnioi. U -j"*. 
unsuitable for taking bearing loads. The basic figure .,i lb u i 7. f 



SMEAR TENSILE & BENDING STRENGTHS of BOLTS at lOTON&’SQlM 


makes the curves of universal application. Some d^igners may dis- 
agree with the strength of materiaJs quoted in the Tables, but they 
may use the curves for whatever figure they cho<^ by applying the 
appropriate factor. 
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Thermodynamics, Examples in. Bv W. R. Crawford, M Sc , 

Ph.D 

Thermodynamics, Technical, By Professor DipL-ing. \V 
Schiile, Translated from the German by E. Geyer, B r'c 
Turbo-Blowers and Compressors. Bv W. ]. Keartun, 
D.Eng., M.I.M.E., A.M.Inst.N.A. . " . 

Uniflow, Back-pressure, and Steam Extraction Engines, 
By Eng. Lieut. -Com. T, Allen, R.N.(S.R.), M.Eiig., etc. . 
Workshop Practice. Edited by E. A. Atkins, l^I.LMech.E., 
M.I.W.E, In eight volumes ..... Each 

AERONAUTICAL 

AN Introduction to Aeronautical Engineering. 

Vol. I. Mechanics of Flight. By A, C. Kermode, B.A., 
A.F.H.Ae.S. Third Edition . . . . 

Voi II. Structures. By J. D. Haddon, B.Sc., A.F.R.Ae.S. 

Second Edition . . . . * . • , * 

Vol. III. Properties and Strength of Materials. By j. D. 
Haddon. B.Sc., A.F.R.Ae.S. Second Edition. 
Aeronautics, The Handbook of. Published under the 
Authority of the Council of the Royal Aeronautical Society. 

Vol. I. Third Edition ^ - ^ ' 

Part I of Vol. I. Aerodynamics. Bv E. F. Relf A.R.C.bc. 

F.R.Ae.S., F.R.S. . ' 

Part II of Vol, I, Performance. Bv Captain R. X. Liptrot, 
O.B.E., B.A. . . . . . ■ , ’ 

Vol. II. Aero-Engines, Design and Practice. By Andrew 
Swan, B.Sc., A.M.I.C.E.. A.F.R.Ae.S. Third Edition . 
Voi. III. Design Data and Formulae— Aircraft and Air- 
screw's . 

Aerodromes: Their Location, Operation, and Design. 
Edited by Prof. Carl Pirath. Translation from the German 

[In 

♦Aeronautics, Definitions and Formulae for S re tents 
B y J, D. Frier, A.R.C.Sc., D.LC. . . , - ■ , ‘■ 

AEROPLANES AND ENGINES (Airsense). By . O. Manning, 
F.R.Ae.S. Second Edition . . * k *. 

Air Annual of the British Empire, 1938. ^Edited by 
Squadron-Leader Burge, O.B.E., A.R.Ae.S.L 'V olume iX 
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Aeronautical — contd. 

^IErR\FI pEKFfrKMANCE TESTING- Bv S- ScOtt Hall, M.Sc., 
i'tc., ana T. H. Endand. D.S.C., A.F.C., etc. . 
An^rhAri ^ os>Thrciios i Bv M. Langley. M.I.Ae.E., 

A M LN.A. etc Thirn i ‘ 

CkuiW Engineer's TEx"ru^^*vs — 

Ihl Rigging.. Maenien and Inspection of Air- 
i'liAFi ‘W ’ Licence. By W. J, C. Speller . 
iN-i-LtTioN OF Aircraft .^ter Overhaul. “B"' Licence. 
By >. J Xcrton, Assoc. M.Inst.C.E.. A.F.R.Ae.S. Third 
Edition 

Aekg Engines. “C” Licence. By R. F. Barlow. Second 
Edition . . . . • , ’ . * 

Aii«o E.ngines. “D” Licence. By A. N. Barrett, A.M.I.A.E., 
A.F.R.Ae.S. Fifth Edition. . . . 

Insiki'ments. “X" Licence. By R- W. Sloley, M.A. 

Xanib.i, B.Sc T-ond.'. Second Edition 
Electrical and Wireless Equipment of Aircraft. 
'LX " Licence. By S. G- Wybrow, A.M.I.E.E., A.ALLM.E 

I'hird Edition 

The Aircr.^ft Bench Fitter. By William S. B. Townsend 
Notes ox Supercharging for Ground Engineers. By 
C. E, lone.s ........ 

The Development of Sheet Metal Detail Fittings. 
Wilmni S. B. Townsend. Second Edition 
Learning to Flv. By F. A. Swofer, M.B.E. Fourth Edition 
FILIAL Aircraft for’ the Mechanic. By J. Healey . 
‘^Pilots ‘L\’’ Licence. Compiled by John F. Leeming, I^ayai 
Aero Clul‘ Observer far Pilot's Certificates. Eighth Edition 
Iwo-CvciE Engine, The. By C. F. Caunter 


Ask lor the Complete Aeronautical List 


MOTOR ENGINEERING, ETC. 

Pitman's Automobile Maintenance Series- 

Automobile Electrical Maintenance. By A. W. Judge 

A.R.C.S., Mli.Sc., A.M.LA.E 

Automobile Engine Overhaul. By A. W. Judge, 
A.R.C.S., Wh.Sc., A.M.LA.E- . . {In Preparation) 

Automobile Brakes and Brake Testing. By Maurice 
Platt, JI.Eng., M.I.A.E., M.S.A.E. . {In Preparation) 
Automobile and Aircraft Engines. By A. W. Judge 
A.R.C.S., A.M.LA.E. Third Edition .... 
Automcbile Engineering, Edited by H. Kerr Thomas, 
M.I.Mech.E., etc. In seven volumes. Volumes I-VI Each 
Volume VII 
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MOTOR ENGINEERING, ETC. 


Motor Engineering etc.^ — contd. 

Garage Workers Handbooks Editc^d bv J. Ii. Stuart ] 
seven volumes . . . _ ‘ 

Supplement to VoL Vli . , . ^ " 

Traffic Driving TECHNiouE. By Oliver Stuwart' [ 

Pitman’s Motor-Cyclists^ Library™ 

AJ.S., The Book of the. Bv \V. l. Havcrait , 

Ariel, The Book of the. Bv \V C. Hal aait 
B.S.A.. The Book of the. By F. j. Carnin 
Douglas, The Book of the. By Leslie K. ti-uth-. :■ 

J.A.P. Engine, The Book of the. Bv W\ C. Haw.r:: 

New Imperial, The Book of the. By F J c' uuuu 
Matchless, The Book of the. Bv C. H.u 
Norton, The Book of the. By W. C. Hav. .\i: 

Red Panther, The Book of the. By W. C ID v 
Royal Enfield, The Book of the.* Bv R, E kvh ^: 

Rudge, The Book of the. By L. H. Cade and F A::-:. 
Sunbeam, The Book of the". By Leslie K. 

Triumph, The Book of the. Bv'E. T. Bp . v.n 
Velocette, The Book of the" By Leslie K. Heatheo 
ViLLERS Engine, The Book of the. By C. Grange 
Motor Cycle Overhaul. By W’. C. Haycraft 

Pitman’s Motorists Library — 

Austin Seven, The Book of the. By Gordon G 

Goodwin * . . , 6 

Austin Ten, The Book OF THE. By Gerd...i: G. G:a.di an 2 e 

Austin Twelve, The Book of the. By Gordon G. 

(joodwin . . . . . ’ . . . 3 0 

B.S.A. Three Wheeler, The Book of the. By Haroli 
Jelley ......... 2 6 

Hillman Minx Handbook, The. By W. A Gibson 
Martin . ,26 

Jowett, The Book of the. By John Speedwell . .26 

Morgan, The Book of the. By Harold jelley . .26 

Morris Minor and The Morris Eight, The Book of 

THE. By Harold Jelley 2 6 

Morris Ten, The Book of the. By R. A. . . 2 6 

Popular Ford Handbook, The. By Harold Jelley . 2 6 

V-8 Ford Handbook, The. Bv Harold leik-v and j. 

Harrison, A.AI.LA.E. . . ' . ' . . 3 v 

Riley Nine, The Book of the. By D, H. Warren . 2 6 

Singer Junior, Book of the. By G. S. Davi^n 2 6 

Singer Nine, The Book of the. By R, A- Bishop . 2 6 

Standard Nine, The Book of the. By j. Speedwell 2 6 

Vauxhall (Light Six). By Harold jelley and F. j. 

W^oodbridge, A.MJ.A.E. . . . * .26 

WoLSELEY, The Book of the By Wh A. Gibson 

Martin 

Tourists’ Handbook, The. By Harold Sheitoa, M.A. . 
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..>7 > Electrical Guide. The By A. H. Avery, 




IKE. ' . 

3 

6 

Carav 

ANNiNG AND Camping. By A. H. M, Ward, M.A. . 
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I-laen 10 Dkive. By Oliver Stewart . ..20 

OPTICS AND PHOTOGRAPHY 

.\PPLIED Optics, Inteodlxtion to. By L. C. Martin, D.Sc., 
A.'liC.S.. In two volumes. . 

\'uL 1. Glxpral and Phvsiolugical . . . . 21 0 

\ol II Thkurv and Construction of Instruments . 21 0 

Camera in Commerce, The. By David Charles, F.R.P.S. . 10 6 

Camera .Le.nses. By A. W. Lockett. Revised by H. W. Lee. 

^evjond Edition ........ 2 6 

Cash from \’orR Came.ra. By Arthur Nettleton . . .46 

CoLutu Photography. By Capt. O. Wlieeier, F.R.P.S. 

Second Edition 12 6 

Colour i'^HoiuGRAPHY in Practice. By D. A. Spencer, Ph.D., 

F.LC,,. F.R.P..S. 2i 0 

Colour Sensitive Materials. By Robert M. F’anstone, 

A.R.P.S 8 6 

Commercial Cinematography. By G, H. Sewell, F.A.C.L , 7 6 

Industrial Microscopy. By Walter Garner, M.Sc., F.R.M.S. 21 0 

Lens Work for Amateurs. By H. Orford. Fifth Edition, 

Kevi>ed by A, \V. Lockett * 3 6 

Phoiugraphic Chemicals and Chemistry. By J. Southworth 

and L L. j. Bentley, D.LC., A.R.C.Sc., B.Sc. . , .36 

Phoioghaphy as a Business. By A. G. Willis . , .50 

Piis.iGJRAPHY, Profitable. By William Stewart . .26 

PHOioiH.pHY Theory and Practice. By L. P. Clerc. 

EiiiteC by tile late G. E. Brown, F.I.C., etc. Second Edition 35 U 
PiCTuncAL Photo-lithography By C Mason Willy. Second 

Ec^tioii , . , . . . ^ ^ , 10 6 

Retouching and Finishing fos Photographers. By J. S. 

Adamson. Third Edition . . . . . .40 

SiUDic PoETRAiT LIGHTING, By H. Lambert, F.R.P.S. 

Second Edition . . . . . ^ , . 15 0 

Iaxiung Pictures By B, Brown, B.Sc Second Edition . 12 6 
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Acoustical Engineering. By W, West, B.A., A.M.IJ'i.E. . |.^ - 

Accumulator Charging, Maintenance, and Repair By 

\V. S. Ibbetson. Sixth Edition . ..’46 

Alternating Current Bridge Methods, By B„ Hague, 

D.Sc. Third Edition . . . . N . , 15 ij 

Alternating Current Circuit. By Philip Kemp, M.Sc., 
M.I.E.E., Mem.A.LE.E. Second Edition . 

Alternating Current Machines, Perforaiance and Design 
OF. Bv M. G. Say, Ph.D., M.Sc., A.C.GT., D.LC,, A.Ml.E E 
F.R. S.E., and E. X. Pink, B.Sc., A.M.LE.E. . . . JU ij 

Alternating Current Power Measurement. By G. F. Taua J 6 

Alternating Current Work. By W. Perren ^iaycovE 

M.I.E.E. Second Edition . . . . . , 7 B 

Alternating Currents, Arithmetic of Bv E. H. Crapper, 

D.Sc.. M.I.E.E ' . .‘.46 

Alternating Currents, The Theory and Practice of By 

A. T. Dover, M.I.E.E. Second Edition , . . . IS 0 

Armature Winding, Practical Direct Current. By L. 

Wollison, A.M.LE.E. . , . . . . .76 

Auto.matic Street Traffic Signalling fAppARAius and 
Methods). Bv H. H. Harrison. M-Em^.. M.I.E.E., 
M.I.R.S.E., and T. P. Preist . . . ' . . . 12 6 

Auto-matic Protective Gear for A.C. Supply Systems. By 

J. Henderson, M.C., B.Sc., A.M.LE.E. . . . ,76 

Cables, High Voltage. By P. Dunsheath, O.B.E., M.A., B.Sc., 

M.I.E.E 10 S 

Changeover of D.C. Supply Systems to the Standard 

System of A.C. Distribution. By S. J. Patmore, A.T^l.LE.Fl 6 6 
^Definitions and Formulae for Students — Electrical 

By P. Kemp, M.Sc., M.I.E.E., Mem.A.I.E.E. . . . - 6 

♦Definitions .and Formul.ae for Students — Electrical In- 
stallation Work. ByF.PeakeSexton,A.R.C.S., A. M.I.E.E. ~ 6 

Direct Current Electrical Engineering, Elements of. 

By H. F. Trewman, M.A., and C. E. Condlihe, B.Sc. . 5 0 

Direct Current Electrical Engineering, Principles of. 

By the late James R. Barr, A.M.I.E.E., and D. J. Bolton, 

M.Sc., M.I.E.E. Second Edition 12 6 

Direct Current Machines, Performance and Design of. 

By A. E. Clayton, D.Sc., M.I.E.E 16 0 

Dynamo, The : Its Theory, Design, and Manufacture. By 
C. C. Hawkins, M.A„ M.I.E.E. In three volumes. SLxth 
Edition — 

Vol. I 0 

Vol. II ’• • • . i3 0 

Vol, III 0 

Electric and Magnetic Circuits— Alternating and 

Direct Current. The. By E. N. Pink, B.Sc., A. M.I.E.E. S 8 
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TELECOMMUNICATIONS 


Automatic Beakch Exchanges, Pei v ate By R. T. A. 

licT;iiison , ...,.,..50 

Auto.matic Telephony, Relays in. By R. W. Palmer, 

AMI.EM. . . . . . \ , . 10 6 

^Definitions and Formulae foe Students — Radio and 

Television Engineering. By A. T. Starr ALA., Ph.D, , - 6 

♦Definitions and Formulae for Students— Telegraphy 

AND Telephgkv. By Dr E. Maflett, M.LE.E. . , - 6 

Electric Circuits and Wave Filters. Bv A. T Stan, M.A., 

i1i,D . A.MT.E.E. . . . \ . 21 0 

Radio Heceivee Cikcuits Handbook By £ M Squire . 4 6 

Radio Communication Modern. By J H. Reyner. In two 
voiuiBes.,— 

Voi, L Sixth Edition . . . . , * .50 

Vqi. IL Second Edition 7 6 

Radio Engineering, Problems in. By E. T, A. Rapson, 

A.C..GJ., D.LC., A.M.I.E.E, Second Edition . . .36 

Radio .Receiver Servicing and Maintenance. By E. J. G. 

Lj?wi>. Second Edition . . . . . . .86 

Radio. Shoii-Wave ByJ.H Reynei . . , .86 

Radio Upkeep and Repairs for Amateurs. By Alfred Witts, 

Third Edition . . . . , , 5 U 

SUPEEHMTERODVNE RECEIVER, The By Alfred T. Witts 

A.M.I.E.E. Third Edition ' 3 6 

Telegraphy. By T. E. Herbert, M.I.E.E. Fifth Edition . 20 0 

Telegraphy and Telephony, Arithmetic of. By T. E. 

Hert^rt, M.I.E.E., and R, G. de Wardt , . . .50 

Telephone Handbook and Guide to the Telephonic 
Exchange, Practical. By Joseph Poole, A.M.I.E.E. 
iWh.ScJ. Seventh Edition . . . . . . 18 0 

Telephone Transmission Theory, Outline Notes in By 

W, T. Mmer, B.Sc., WTi.Ex., A.M.I.E.E. . ..40 

Ielephony. ^By T. E. Herbert, M.I.E.E., and W. S. Procter, 
A.M.I.E.E, In two volumes. Second Edition. 

Voi. 1. Manual Switching Systems and Line Plant , 20 0 

Voi. IL Automatic Telephones. {In the Press) 20 0 

Television Engineering By j . C. Wilson . . . . 30 0 

Television Optics S j L. M, Myers . . . , , 30 0 

Television Reception XECHNiguE. By Paul D. Tyers . 12 6 
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'Telecommunications— contd. 

Television, Tt:chnical Terms and Definitions. By 
E. J. G. Lewis 

Thermionic Valves in Modern Radio Receivers. Bv 

Alfred T. Witts, A.M.LE.E 

Wireless, A First Course in. By “Decibel.’' 

Wireless Terms Explained. By “Decibel.” 
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MATHEMATICS AND CALCULATIONS 
FOR ENGINEERS 


Calculus for Engineers and Students of Science. By John 
Stoney, B.Sc., A.M.I.Min.E., M.R.San.I. Second Edition . 

♦Definitions and Formulae for Students— Pr.\ctical 
Mathematics. By L. Toft, M.Sc. Second Edition . 

Exponential and Hyperbolic Functions. By A, H. Bell 

B.Sc 

♦Geometry, Test Papers in. By W. E. Paterson, M.A., B.Sc, 
Points Essential to Answers, Is. In one book . 

Graphic Statics, Elementary. By J. T. Wight, A.M.I.Mech.E. 
Graphs of Standard Mathematical Functions. By H. V. 

Lowry, M.A. 

Logarithms for Beginners. By C. Pickwortb Wh.Sc. 

Eighth Edition 

Logarithms, Five Figure, and Trigonometrical FtNtTioNs. 
By W, E. Dommett, A.M.I.A.E., and H. C. Hird, A.t.Ae.b. 
(Reprinted from Mathematical Tables) . . • • 

♦Logarithms Simplified. By Ernest Card. B.Sc., and A C. 

Parkinson, A.C.P. Second Edition 

♦Mathematics and Drawing, Practical. By Dalton Grange 


♦WTth Answers 


Mathematics, Elementary Practical. Boob. I. First Year. 
By E. W. Golding, M.Sc., Tech., A..M.I.E.E., and H. G. 


Green, M.A 

Mathematics, Elementary Practical. Book II. Second 
Year. By E. W. Golding and H. G. Green 
Mathematics, Elementary Practical. Book HI. Tkird 
Year. By E. W. Golding and H. G. Green 


6 0 
- 6 

3 6 

2 0 
3 0 
5 0 

2 0 

I 6 

1 0 

2 0 
2 0 
2 6 

5 0 
5 0 
5 0 



18 PITMAN’S TECHNICAL BOOKS 
Mathematics for Engineers — contd. 

s. d, 

Mathematics, Engineering, Application of. By W. G. 

Bickifv, 5 0 

MATKEMATlCh FOR ENGINEERS, PkELIMINARY. Bv W. S- 

Ibbet>on. B.Sc., A3LI.E.E., MJ-MarJE . ' . ' . .36 

Mathematics for Technical STCDENT^. By G. E. Hall, B.Sc. 5 0 

Mathematics. Practical. Bv Louis Toft, M.Sc. {Tech.), and 

A. a lE McKay, M.A. . ' . . . . . 12 6 

Michanical Tables. By J. Foden 2 0 

^Metric Lengths tu I-'eet and Inxhes, Table for the Con- 
version OF. Conipilecl by Redvers Elder . . .10 

Nomogr.cm, The. Bv H. J, Alicock, M.Sc., M.I.E.E., 
A.M.TMech.E-. and j. R. Jones, M.A. F.G.S- Second 

Edition . . . . . . . . 10 6 

Slide Rule, The, By C. X. Pickworth, Wh.Sc. Twentieth 

Edition, Revised 3 6 

Slide Rule; Its Operations; and Digit Rules, The. By 

A. LG\-at Higgins, A.M.Inst.C.E. . . . . . _ 0 

Steel ; s. Tables. Compiled by Joseph Steel . . . .36 

Trigonometry for Engineers, A Primer of. By W. G. 

Dunkley, B.Sc. iHons.j ,50 

miscellaneous technical books 

Boot .\n-d Shoe Mani-f.wture. By Frank Plucknett . . 35 0 

Brewing .\nd Malting. By J. Ross Mackenzie, F.C.S., 

F.R.M.S Third Edition . . . . . , 10 6 

Cellulose Lacquers, The By S. Smith, O.B.E., Ph.D. . 7 6 

Electrical Housecraft. By R. \V. Kennedy . . .26 

Engineering Economics. Bv T. H. Burnham, B.Sc. Hons. 
fLond.), B.Com. iLond.), F.I.I.A., .A,.M.I.Mech.E., 
M.I.Mar.E. In two volumes — 

BooIl I. Elements of Industrial Organization and Manage- 
ment. 8 0 

Book II. Works Organization and Management . .86 

Engineering Inquiries, Data for. By J. C. Connan, B.Sc. 

A.M.I.E.E., O.B.E 12 6 



MISCELLANEOtI^J?^? 255 ^^^^^KS 
Miscellaneous Technical Books-contd. 

Faraday, Michael, and SoM®p ^^^'^emporaries. By 
William Cramp, D.Sc., ‘ • 

Foundry Organization % James j. 

Gillespie , . • ‘ * 

^ n 1 Smith 

Glue and Gelatine. Bv P* 


li 


Hairdressing, The Art Poan 

Second Edition edited by J* -o ^ 

Hiker and Camper, The 5^^ * 

House Decorating, Practica^' > - 
Paper Testing and Chemi^”^^ ' 

Jahans, B.A. . * V 

Petroleum. By Albert Lidge'^*’ Edmon . 

Pitman’s Handbook of echnical Ebuca- 

tion. Edited by Harold * • . . . 

Plan Drawing for the Poli^®’ ^ James D. Cope, P.A.S.I. 
Precious and Se.mi-precio^^ tonu.s. B\ M. Weinstein. 
Second Edition . 

Printing, Bv H. A. Maddox. Second Edition . . . 

Printing, The Art and Edited by \Vm. 

Atkins. In six volumes • V ’ ’ ‘ 

Science The M4rch of. QmmiuenniaL Review, 

1*93 1 -1 933 Bv Various under the authority 

JrtL Uounc^Gf Advance- 

ment of Science . - * -d Vv * 

Shoe Repairer’s Handbo^^^- ^ • Patirence-Loru.^^ In 

seven volumes . • * * ‘ 

Sound-Recording for • 

Teaching Methods for Tgf^g'^g'; Te.^chers By J. H. 

Cume, M.A., B.bc., xA.M-^ „ 

M-ith the Watch-maker At Carle, 

F.B.H.I. Third Edition .x’ ^ 

Works Engineer The M.Inst.F.. 

i^.S W.I I in 0- Sk^at. B.Sc. 

(Eng.), G.I.AIech.E., etc^ 
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Common Commodities Series — contd. 

s. d. 

Glass and Glass Mancfacture. By P. Marson. Third 3 0 
Edition. Revised by L, M. Aiigus-Butterworth, F.R.G.S,, 

F.Z.S., etc. 

Gums and Resins. Their Occurrence, Properties, and Uses. 

By Ernest J. Parr}% B.Sc., F.I.C., F.C.S. 

Jute Industry, The. By T. Woodhouse and P. Kilgour. 

Locks and Lock Making, By F. J. Butter. Second Edition. 

Meat Industry, The. By Walter Wood. 

Paper. Its History, Sources, and Production. By Harry A. 

Maddox, Stiver Medallist Papermaking. Fifth Edition. 

Photography. By William Gamble, F.R.P.S. 

PoiTEEV. By C. J. Noke and H. J. Plant. 

Rubsir. Protiuction and Utiliaation of the Raw Product 
By H. P. Stevens, M.A.. Ph.D., F.I.C., and W. H. Stevens, 
A.R.C.Sc., F.I.C. Fourth Edition. 

Silk. Its Production and Alanufacture. By Luther Hooper. 

Soap. Its Composition, Manufacture, and Properties. By 
William H. Simmons, B.Sc. (Lond.), F.I.C., F.C.S. Fourth 

Edition. 

Sponges, By E. J. J. Cress well. Second Edition. 

Sugar. Cane and Beet. By the late Geo. Martineau, C.B., and 
Revised by F. C. Eastick, M.A. Sixth Edition. 

Sulphur and the Sulphur Industry. Bv Harold A. Auden. 

M.Sc.. D.Sc., F.C.S, 

IiA. From Grower to Consumer By A. Ibbetson Second 

Edition. 

Textile Bleaching, By Alex. B. Steven, B.Sc. (Lond.), F.I.C. 

Ti.mbe,r. From the Forest to Its Use in Commerce, By W. 

Bullock. Third Edition. 

1 iN AND The Tin Industry. By A. H. Mundey Second 

Edition. 

Tobacco. From Grower to Smoker. By A. E, Tanner. Fourth 
Revised Edition by E. R. Fairweather. 

Weaving. By W. P. Crankshaw. Second Edition. 

Wool. ^ From the Raw Material to the Finished Product By 
S. Kershaw, F.T.L Fifth Edition, 

Worsted Industry, The, By J. Dumviile and S. Kershaw 

Ihird Edition. 
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